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SIR, 

r 

O be inquifitive into the 
Works of God in the 
Creation, is moft wor- 
thy of a rational and 
intelligent Being ; to em- 
ploy our Thoughts upon this Subjedt 
is to cultivate the higheft Principles 
îfnd beft Inclinations of our Nature/ 
Produdions of Art indeed at firft ftrike 
us with Admiration and Delight, but 
then their Beauty * is of no long Dura- 
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DEDICATION. 

^io% and tliat, Ayhiçh befpre ^j^pcâf- 
ta fo very lovely and charming',, in- a 
ftiort Time becomes greatly unfatif- 
faâory and diilafteRil. On the con- 
trary^ the Works of Nature are capa- 
ble or affording us a fplij^ and motft 
lafting Entertainment. With what 
plg^n^e 4o wp fo|\|ey çHofe ?i3>a%lef 
pj|bs rpwling over us in die i^ft ç^u- 
lar ahd harmonious Order; yvitli what 
pelignt do we trace the Comets (thofe 
fiery Bodies thatftrike fuchTeiror into 
vulgar Minds) through Worlds unnum- 
bered and unknown? And Jipv^ dpes 
tlii^ Pleafure and Delight ri|g^Ti|\fin w» 
wl(en we. imagine thofe f|veràiÔ^b^ 
fiirnimcd with à rich Varied of I|ih3,ij 
^tant^, as is a very reafonab|€ S^ppofi-^ 
tion^ cpnfidering that no^t the leaâ>^o# 
of tnis our Earth is without its Do];n.e- 
flicks ? Such Speculations not only afr 
fpjrd infinite Satisfadion to inc^uifitiye 
Ijdtinids, but; lead them naturally on to 
the Contemplation pf that greateft and . 
beji pf Beings, who,ii/tow€th,the t^um- 

her 


dedîgAtion, 

hr oftM Stars, ahd vfhù calletk thm 
ky their Names, 

If wé' dçfcend iiito our feîvès' ind 
ykt a' View of oui* owti Bodies, we 
Ôlkli there; find thé fëvéfal Parts ad- 
jufted in ftjth a rèj^iâr Manner, aha 
fy exqiiifîtely welf adapted tô itÈvjtt 
all thîe Ends and Purpofes of L£Fe,' 
that he muft certainly bç very ûdw^dÇ 

Underftanding, who is not immedi- 
ately éoùvinced ÔF W& being Ôie 
Workiïiàhfliip of jfe infinitely wife/ 
good* aiid pôwçi'fiir Artift. Fai^ài 
fliouM yi^ç extend our Views all arôuiïif 
li^ aiid- rim ovei" th^ feveral' Speeie^ 
of Aâimàls, Plants ^d Infeds tfikt^ 
inhabit and adorn tJiis <iur Qlo6ëi' 
ihould we endeavour to trace Ac 
FoQtftet» of divine Wifdom in die' Or-", 
dér, PÉritibhy and 01cs oÎT è^àj dîiî^. 
df thëmv we* flibtlid' fbon' fihd btiif- 
felv€s W in- an éndia-Purfuit, 4n* 
^mfdrf cJàt^i^ith-tHè Ffylmiftl WM 
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DEDICATION. 

can fearch out the Almighty or bis 
Worh to PerfeB'ton / 

■ In (hort, the, Study oî natural Phi- 
lofophy fills the Mind with vaft and 
{iiblime Ideas of the firft Caufe and 
Original of all Things, and is the beft 
Means to preferve it from Athetfm on 
the one Hand, and S,uperfiithn on the 
other. 

But I would not be thought to ivj- 
this to You, Sir, in Commendation of 
à ^tudy, which has been fo remarka- 
bly ^ encouraged by your Patronage 
sbd Example ; it is natural to indulge 
one's Sentiments upon a pleafing and 
agjiçeable Subjèâ., , 


r • 


In the following .Work, which I 
have now the Honour of infcribing ta 
You, I can claim little more than the 
Merit of having been, as I hope, a 
^ithful Tranâator. In the Original 
our Author has given good Proo^ of 

his 


JO ED I GAT I on: 

his Induftry and Abilities, but then he 
lias "at die fame Time abundantly 
ihevf n hpw. difficult it is to effece No- 
tions and Impreûib^s received in our 
carlieft Education. However this is 
not Co much to be wondered at, if 
we refle£t how many Men of Learn- 
ing and Reputation, even amongft 
ourfelvcs, labour under the (axne un- 
ha,ppy Circumflances. In Order there- 
fore to remedy this £vil, ' I have taken 
Care to interfperfe the whole Work 
with proper Notes, founded upon the 
Principles laid down by that illuflrious 
Ornament of our Nation, the incom- 
parable Sir J(/àac Newion» 

I sjSALL not pi^tend. Sir, to copy 
the ûiùaî Forms of Dedications, be- 
ing thoroughly apprized how difficult 
a Talk it would be, even to attempt 
the Praife of a Gentlenmn, who has 
deferved fo well of the Learned 
Wç^rld'. Such a Subjeâ would prove 
fuperior to much abler Pens. 

A4 Wherr- 
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WHBRBFaRE OS iïi ûos Cafçy Sikpe 
fr^efiat quâm paùca^ dkef»; i fliaU 
ïrontjeht my kXimik ^ (^npitr of 
beiiig efteemedy' ^ 

Sky ; 

Toutt meft oblkged ^ftui 
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TRANSLATOHV 

PRE FACE 

T THE . 

R E A n E R. 

ma»>} ^ftX ImprJBiet- 

tif that have been qf 

mademaatnrdKnaa» 

•e, have tnduceda Va* 

, — -j of Petffm t» tmn 

their Spec^ùom this Wàtfi Ttial 

immoi^k Reptétatioit tiMtk Sir l£iac 

NewtoRviWyW>'«^^ k" Writing!, bat 


PREFACE. 

.fa far excited the Curitfity. efjHatvy wk^i 
are hrvotved in the Hurry- of BufinefSy 
as to fet afidefome Part of their Time^\ 
to inform themfelves of Ms furprhsiin^ 
Difcovertes^ Even ^e Belles, fir^ga^ 
their darling Quadrille, and ^re prowfi 
of being accounted Difciples of this great 
Man ; and the Bçaus in Compliance with) 
theFaJhion, are tempted to refemhte ra- 
tional Creatures infomething mate thavf 
the exterior Form^ 

Butjince it requires a^yater Kmiu^ 
ledge in the Mathematicks than mofi 
Perfons are blejfed with to read Sir 
Ifaac Newton with any Suctefs^ ' ma" 
ny -^able Pens have been employed to^ 
fet his Works in a more popular 
View; fimé of whom, 1 cmfefiy hapé, 
gained much Réputation an0 Ffieem b^ 
their Attempts y and others 'm tefs priA^ 
vaie Emolument» Tet jiill nj^eofthe^ 
Writings were fuffictently dwefted of 
Lines and' Figures to be generally ufe" 
ful and inJiruBing ,♦ wherefore I havedi' 
verted myfeîf for form Ttme pafi at my 

vacant 
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vacaftt Hours in t/^fj/lating the foll(nt> 
tng IVorky which I nom prefent to the 
Publfck. ' It is drawn up hy Way of 
Converfation y which Manner afWrt-' 
ting feems befi /kited to fet 'Truth in the 
eafiefi Light y and infenfthhj to infiH 
Knowledge into the Mind of the Readsr^ 
The ingenious Author has run thro* the 
whole Circle of natural Knowledge y and[ 
çolleBed a' great Number çf curious,^ 
and entertaining BxperintentSy many of 
which are taken from the Memoirs of 
the Frcach Academy i fo that theEU" 
glifh Reader has here an Opportunity of 
feeing the fever al Difcaveries that have 
been made by the Philofophers in France. 
But tho* thefe Bxperiments are agjteea^ 
hly relatedy yet are the FaBs oftentimes 
hut very unbtçktly accounted for i which 
h owing to ottr Author^ s ftrong Attach^ 
ment to the Sentiments of Dçs Cartes, 
which have been long fince overturned 
by the Demonfirations of Sir Ifaac New- 
ton^ and tho* our Author y as appears 
from the following Sheets j was not 

wholly 
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'wholly ttnacquàinted with fhe fPfifii^ 
êf that great Man, yet were the Prè^ 
iudices of Edacaùon fo prevalent as ta 
txclu(k all Conyi&ion. BytBh we fe& 
there may be Éigots \n Phik/ophy à$^ ivelf 
{K in Religton^ However y to rentùVè 
this Inconvenience y I have fubjoined ihé 
Principles of the Newtonian^ Philofoph^ 
èy Way of Notes (after the Manner of 
the late Uarned DoBor Gliirkc in his; E"' 
fhtioft of KQh2i\x\t)by which Means iM 
deader will h^e the Pleafure of com- 
paring the Old Philofophy with thé 
Mew, ofid of perceiving the Akfaritci^ 
of the latter, by applying rf to the Ex- 
periments before him, If . this Work 
Jhould fucceedy according to m j Wffhes,^ 
hi the InfiriéB()n and Entertninment of 
the Reader, IJhall thini mf Pains fitf- 
ficiently anfwered, if mi, ^e Qoodntfi 
of my Intention willjujlify the tlndet*' 
ttiking, ; 
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TRODUCTION. 


INCE the Academies of Parts, 
London^ Italy and Germany^ and 
the moft happy Genius's of Eu- 
rope, at once animated with the 
Love of Truth , the Commenda- 
tions, Favour and Beneficence of Princes, have 
united their Endeavours to difciofe the Secrets 
Vol. L B «f 


2 Introduction. 

of Nature, Philofophy has its Charms and its 
Graces: It plcafës, is univerfally admired, be- 
lovedi and every where favourably received^ 
even at the Court it felf. 

Eudoxus has been particularly delighted with 
this Study from the Time he was firft capable 
of reiifliing it. Since that Time no Eiiiploy- 
ment was fo pleafing to him, as to admire 
the Strokesof divine Wifdom manifefted in the 
Stru6ture and Beauty of the Univerfe, and ftu- 
dy thofe fecrct RecelTes which difplay fo many 
Wonders to our Eyes» 

The Light which difcovered to him the 
- Heaven and the Earth, the Sight of a Fôun-» 
tain, a Flower or an Infedl was capable of en- 
tertaining and delighting him all the Day long. 
A Sky brilliant with Stars made the Night ap- 
pear to him as beautiful as the Day. Should 
Darkriefs or thick Clouds veil the Sun fronti 
his Eyes; fliould the Rain fucceed to a ferene 
Sky, a Tempeft to a Calm ; his Enquiries in- 
to, and Apprehen fions of the different Caufes ' 
which produce thefe Viciffitudes and various 
Effects, ever afforded him a new Pleafure. In 
the Height of Winter amidft his philofofhick 
Meditations , even the Rigour of the Seafoû 
prefented to his curious Mind fuch furprizing 
Changes, as made him forget the FloWers of 
the Spring, and the Fruits of Autumn, and 
made him fome Amends for the abfènt Plea- 
fures of the rhofl fmiling Seafons. He could . 
ihot conceive how a Man could deny himfelf 

the 
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the Pleaûirç of employing his leifure Time in 
contemplating the Hand of the Creator, even 
in the unalleft of all vifible Beings. The Sight 
of Trutjh infufed into his philofophick Soul 
Pleafures perhaps as piquant , at leafl more 
pure, as well as more fol id^ than thofe which 
are tafted at the moft agreeable Feafts in the 
World. Thus the Joy which overflowed, his 
Heart, feemed to diffiife itlelf over his whole 
exterior Form* His Air was affable, and his 
Manner engaging. There was nothing auftere 
in his Phiiofophy: It was natural, equally grave 
and Pleafant, and procured him the Efteem, 
the Con^dence, and Friendfliip of Àrijius. 

In the Perfon of Arijius^ were united all the 
Graces of the Mind, together with thofe of 
the Body. He was a young Man, who was 
entirely free from the Vices of Youth. He 
was born a JPhilofopher, an Enemy to that 
foft Idlenefs in which fo many Youths Ian- 
^ , o are wholly taken up with unrea- 
ibnable Pleafures, vain Amufements, Comedies 
and Operas, bounding their Knowledge ^ at 
moft; with being able to write a Madrigal or 
a Song, in catching the Airs of fome Petit-^ 
Maître^ ot the Pleafures of the Bottle. Na- 
ture, Birth and Education had infpired the 
iSoul of jlrifius with Sentiments far more no-* 
ble; he faw nothing more worthy of Mad^ , 
than the Knowledge of himfelf , and every 
Thing that furrounded him. In the Flower 
ef his Age, and in the Seafon of Pleafures, he 

B a had 


4 ÎRTROiïUCTlOl^. 

had a mof 8 artîent Pafîïon for the Di^Mvery ù( 
the Source and fècret Caufes of Things, than 
he had for Pïeaftire itfclf. The Efteem which 
he found the Philofophers of the Academy en- 
joyed among all Sorts of Perfons, whofe good 
Opinion was of any Value, raifed a noble E- 
mulation in him. He was fdeafed to fee Phi-^ 
lofophy talk a Language fo harmonious and 
delightful in their Works, But he wanted fome 
Perfon verfed in thé reading of thefc Works, , 
and already initiated into the Myfteries of Nar 
ture, to fécond his Tafte, and facilitate his 
underftanding the mod agreeable Truths. He 
was charmed to find this Perfon in Eudoxia. 
The fame Tafte, the fame Inclination, foonimi- 
ted them very ftrongly together, and in a Chain 
of continued Converfations, and which feemto 
arife one out of the other ; they agreeably un- 
ravelled every Thing which we find the moft 
curious and delightful in the Univerfe. 
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EuJ. T II 7 E L L, ^iftus^ your T^e then 
V V inclines yôu to Natural Phildb- 
phy? Hike îtfomtidii the beeter, becauielam 
indebted to this Inclination for the Efteem, 
Confidence and Friendfliip wherewith you are 
pleafed to Honour me. I (hall endeavour to 
iecond it. I amhcaitity at your Service, and 
fliould find Plcafiire in being capable of pro* 
curing you any. 

Arift, Nothing is more generous, than to 
find one's Pleâfure in procuring it to others. 
Upon this Account I hope ybu will receive 
fome Satisfaction in illuminating me wiî?h your 
Light; for I freely confcfs, that I feel an ea- 
ger Defire of knowing my felf, and what fur'- 
rounds me and afïèâs my Senfes -, and I woulà 
without any Difficulty facrifice -all the vain 
Pleafures which the World can prefent mè 
with, to the Pleafure I take, or irnagine, in 
this Knowledge, ..... 

Eud. The rleafure which àccompàrfiès^ this 
Knowledge, is alone in my Judgment worth 
«11 the others put together. Even from Cice" 
ros Time Phyficks have been looked upon as 
^ç moft pleafant;^ delicious and agreeable Food 
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of the Mind. What Allurements then muft 
they not have at this Time, fince they have 
been enriched with an infinite Numbei: of new 
Difcoveries? By the Light of this Science the 
Mind at once obferves that Wifdom, which by 
certain fimple but fertile Laws of Motion, pre-' 
fcribed and freely followed by itfelf, draws out 
€)f Matter this Variety, Aflbrtraent snd admt- 
xable Arrangement of terreftrial, tranfparent, 
find luminous Bodies; it penetrates into the 
Bofom of the Earth, there it perceives after 
what Manner Nature forms Diamonds, Silver 
apd Gold for enriching us; there it difcovers 
the Origin of Winds and fubterranepus Fires ; 
ii fees thcfe Fires kindled, s^nd the Winds form-r 
ed, fhaking the Earth, and fpreading abroad 
a ftlutary Horror. It perceives that Force 
which makes the Waters afcend by a thoufand 
Channels, even to the top of the Mountains», 
to form there thofe Springs fo lit for refrefliing 
us ; it knows after what Manner the Earth be^ 
ing warmed covers itfelf with Flowers in thç 
Spring, and fends forth Vapours, Exhalations 
and Clouds into the Air, and in thofe Cloudfi 
the Thunder and the Thunder-bolt; by what 
Çourfe the Rays that come from the Sun pro- 
ceed to be broken and reflefted in thç Clouds» 
^ as to prefent us with the moft beautiful Co- 
lours. From the midft of the Air it afcends 
to the Planets. What do I fay? It bounds froiri 
one Vortex to another, even to the Extremir 
ties pf the World ; and from the renjoteft Star^ 

;..■■■: - /. ,. . ' • • ^ it 
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it returns agam to confidcr with a frefli Plea- 
fure, the rapid Circulation which carries Blood 
and Life into all the Parts of a human Body. 

jiriji. This lively Defcription would doubt- 
lefs be fufficient to engage one for ever to 
Phyficks. 

End. Phyficks have a thoufand and thou- 
fand other Charms ftill more capable of affedt- 
ing and ravifhing an attentive Mind. But fince 
in order to follow both your Tafte and mine, 
we purpofe to run over the Whole, without 
dwelling but upon that Part which is moft 
curious and profitable ; let us endeavour to do 
it with fome Order, fo that our Converfations 
may feem to arife from one another, and the 
j^rft may afford fome Light into the fubfequent. 
Perceptions which arife from one another, are 
both the eafier, and more confpicuous. 

Ariji. Pray, let us begin with a clear and 
exaa Idea of Phyficks. When any one fpeaks, 
I love to know what he is difcourfing upon. 

Eud. Philofophy is properly the Knowledge 
of Bodies. Its Charaâer is to difcover to us 
the general Principles, Properties, and Ar- 
rangement of Bodies; the Nature and Proper- 
ties of every Species of Bodies ; in a Word, the 
Effeâé, and the Caufes of thofç feofible Effeûs, 
whence that Harmony and Beauty refult which 
cur Senfes admire in this vaft Univerfe. 

AriJl. This Ide^ feems clear , diftind: and 
beautiful. But what Principles do you fuppofe. 
to reign equally in all Bodies? 

B 4 Eud. 
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Eud. Matter and Form. 
. Arift. Do you believe that Mattef i$ fufficî- 
ently known by the Information of our Senfes ? 

Eud. I know that the divine Power can and 
does fuipend upon our Altars * the Impenetrsibir 
lity of Matter, pr that which is the Caufe why 
a Portion of Matter, which I call a Part or Par- 
ticle, when compared with another that is 
greater, admits no other into^ it. In {hort, Mat- 
ter is a Subftance naturally impenetrable ; this, 
is univerfally allowed, and this is fufficîènt for 
Comprehending and explaining thofe Wonderà 
which âôefl: us: is not this a fufficient Know- 
ledge of Matter ? 

Arift, If Matter were not naturally impene- 
trable, we fliould quickly, I imagine^, fée thofe 
Wonders which afFed us, difappear to the 
Eye ; in an Inftant the Earth, Stars, and Hea- 
vens would approach and penetrate one aur 
pthcr, and by penetrating, ftraiten pne another 
ftrangely; and we fhould be greatly dftonifhed 
to find our felves almoft annihilated, and to fee 
the whole Univerfe reunited in one Point: Or 
rather that Univerfe has never had any Exi- 
^ftence. But is it very certain that Matter is 
naturally extended, and that every Part has 
J^ength, Breadth and Thicknefs ? 

Eud. Two Particles, however minute, be- 
ing united together, form an Extenfion; for if 
fwo do not, why {hould three or four? But 

é 
I 

» « 

* pur Author, I fuppofe, alludes here to the Domine of 
Trairfabftantiation. 
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Things which have no EMenfioir, make none 
by their Union. Do they touch one another Ï 
Th^y perfealy penetrate one another, the one 
admits the other into it; the one has nothing 
Without the other, feeii^ they touch one an- 
other in all imaginable Points; othefwife each 
pf them would contain Particles ftill more mi- 
nute, the one without the other, and thence 
would be extended without being fo in Reali^ 
ty 5 but Reafon acknowledges no fuch Contra-^ 
diâiohs in Nature. Whgt follows from this ? 
iThat every Part of Matter is extended; There* 
fi>re Matter is extended m its natural State. 
Geometry fupports this Reaftniing, and no one 
has yet demonftrated its Defeâ:. 

^ri/i. Therefore the fmalleft Pai-cel that one 
can imagine, muft contain in it Parts more mi- 
nute, even ad infinitum. HoW much every 
Thing that fccms to approach Infinity makes 
us fenfible that our Underftanding is limited Î 
The Mind lofes itfelf in a furprizing Multitude' 
of fitiall Beings; it finds therein no more Hold. 
Thofe Nothings, if I may fo call them, ' ought 
to confound the Pride of Philoibphers, if they 
had as much as fome afcribe to them* 

Eud. The Imagination is loft here, rather 
than the Mind; for if you divide a Particle in- 
to the moft inconceivably minute Parts, the 
Mind will always find therein fbmething that 
regards the Weft, and fomething that regards 
the Eaft; and what regards the Weft, is not 

that which regards the Eaft. 

After 
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> After all, whether the Mind find in Matter 
JParticles affignable and divifible ./« infinitum y og 
not, this Enquiry fo famous from the firft Rife 
of Philofophy, and which has only tormented 
the fineft Wits in vain , can be of little other 
Ufe than to keep Philofophers n^odeft; an En- 
deavour vain enoughs Ia order to relifli the 
Pleafure of underftanding wh^it iq furprizbg 
in thofb Eâeâs, whofe MaryeIloi)fn%rs depends 
upon the Smallnefe of the imperceptible Parts, 
h is fufficient to kno^ that every fenfible Part 
of Matter contains Particles imperceptible, and 
fmaller the pne than the other, far beyond our 
Imagination. Thi§ is what every one knows 
whenever he pleafes, and what may be learned 
from very curious Experiments. 

For Garments that are perfumed with Ro- 
fes preferve a plefifant Scent a long Time; ^ 
fmall Grain of Incenfe is perceivable through 
the whole Extent of a large Hall. A Grain 
of Mufk, formed like a fort of Salt in thç 
Bladder, of a kind of Roebuck, without lofing 
hardly any Thing of its Subftance, exhales for 
whole Years a very ftrong Odour, capable of 
enfeebling Serpents of an enormous Bignefs at 
a certain Diftance, flopping, lulling afleep, and 
rendering them immoveable K Now, how can 
this happen, if odoriferous Bodies do not con- 
tain almoft an infinite Number of Çorpufcles, 

» Recueil XIV. des Lettres édifiantes <Jc3 mifiionaircs de la C^ 
de J. p. 493. 
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ôFan inpredible Smallnefs, which are divided, 
difTufed every Way, and ilrike the Organ of 
Smelling ? A fmall Plate, a very minute Piece 
of Brafs diffolved in Spirit of Sal Armoniac, af- 
fords a fufficient Number of imperceptible Par- 
ticles to colour a Quantity of Water two hun- 
dred Times greater. Let a Drop of this co- 
loured Water fall upon a lighted Lamp, it will 
be divided fo prodigioufly by the Heat, that for 
the Space of half an Hour the Flame will ap- 
pear wholly blew. One Grain only of Vitriol dif- 
folved in 9216 Grains of common Water, fen- 
fibly dyes all this Quantity with its Colour K 
But you will perhaps have more Pleafure in 
confidering the enormous Multitude and Small- 
nefs of the Parts of Matter in Gold; the fole 
Idea of this precious Metal has ibmething in it 
of the Flatterer. 

jÂriJl. Can one be aflfêâed with the Splendor 
of Gold, Eudoxus^ when the Secrets of Matter 
are unveiled to the Eye, and one has a Taftc 
for Truth ? I would vtnture to lay any Sum of 
Gold imaginable, that a Philofopher, like you, 
would find more Pleafure in knowing it well, 
than in pofieffing iL 

Eud. A Philofopher, like me, lays hold on 
Things as they come; he poÛëfifes without Co- 
vetoufnefs, but yet he poflbflcs, being lefe af- 
feâed with his Poflcffion, than with an En- 
quiry of M. Robaulfs. This Gentlenaan ^ by 

* Mcip. de I'^cad' 170$. p.4i3. • i.Par. e.g. , 
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Cftk^aticfi found in ^ cubical Foot of Gold, 
^>i584 Ounces, in every Ounce more than fou» 
Millions of Lines ; in every Line^ how many 
Points or naore minute Particles might the Mind 
ilill fee ? Have you nev«r feeji them draw Gold 
in Sf. Dennis' street ? ;■: , 

Arifi. I have, and was aftoni&ed. The 
Drawers have a Silver Cylinder of about j&f- 
teen Lines in Diameter, and z% Inches long, 
covered fometimes with about fix Ounces, 
fometimes with about one Ounce of Leaf oif 
Gold, infeparably attached to the Silver, by 
Virtue of the Heat, and the rubbing of the 
jBlood-Stone^ At firft they make one End of 
the Cylinder or Ingot, enter into the biggeft 
Hole of the Wire-drawer, which is a Plate of 
Steel pierced through with a Number of Holes. 
Then they lay hold on it with Gags faftened 
to a Cable drawn by a Capftaiw, which is turn- 
ed round by five or fix Men ; The Cylinder 
pafles through, and is lengthened in pafiing; 
then they run it fucceflively through an hun-r 
dred and a hundred Holes, proportionably fmal-^ 
1er the one than the other; and at lafi: pafiîing 
through Holes almoft imperceptible, the gild- 
ed Ingot or Cylinder becomes a Thread of 
Gold, which is properly nodiing but a Silver 
Thread gilded, which is afterwards wrou^t 
upon Silk, to fupport the Luxury of rich At« 
tire, and chcriih the Vanity of thofe who decfe 
themfelves with Threads of Gold, without ob- 

fçrvîng 


Conversation L ty 

lerving what thole Threads have in them more 
worthy to engage the Attention. 

Eua: According CO the Calculation of M. de 
"Reaumur^ a celebrated Member of the Acade^ 
my^/ an Ingoc orSilver of 45 Marks, and 
which tws only 22 Inches l<mgi gained 
1^963240 by being drawn into Wire; imagine 
then what a Number of imperceptible Par» 
there muft be in fo fmall an Extent ! 

Arijï. Here I equally admire Nature and 
Art; Nature in the wonderful Duâility of Sil- 
ver and Gold , and Art in the wonderful Ef^ 
feéte which it thence draws , and which we 
take no Notice of, becaufe they are continual- 
ly under our Eyes* - 

Eud. This is yet nothing. This fingic 
Ounce of Leaf-Gold laid upon the Silver Cy- 
linder, is drawn out into Gold Thread by 
the Wire-drawer, and is lengthened enough 
upon the Silver to equal the Length of loa 
Leagues, and unite hyom to Paris by a fort of 
Golden Chain, It is likewife poffible by Art 
to lengthen if out to 120 Leagues c& 2000 Fa- 
thoms each. 

Ariji. But what then is the Thicknefe of 
the Gold in Places where the Thread iô leaft 
gilt? 

Eud. Perhaps^ ofte Million arid the fifty 
thoufandch Part 'of a Line. When the Bufi-* 
nefe is only to divide a Piece of Gold, of one 

^ Mcm.deRAcad. p. 201. 
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Line into a Million different Leaves, it is but ^ 
Trifle, 

Arift. What furprizing Smalinefs of Par-* 
tides ! 

End. What furprizing Smallnelsj fay you? 
Nay I tell you that thofe fmall Beings, whofe 
Smalinefs aflonifhes you> are immenfe, and 
even Colofîès when compared with Millioos of 
other Beings. The Smalinefs of a Mite, which 
perhaps is the leafl of fenfible Animals, is but 
little inferior to that of the Particles of Gold; 
and M de Makzieu^ faw with a Microfcope, li- 
ving Animals 27 Millions of Times fmaller 
than a Mite «. Through their tranfparent Skin 
he perceived Bowels, Eggs, the Forms of theij( 
Fœtus or young oiles, and a fort of Blood cir- 
culating by contrary Motions. Thefe Animals, 
27 Millions of Times lefs than the leafl percep- 
tible ones, mufl then have in their almofl infi-* 
nite Smalinefs, Eyes, Feet, Inteflines, Veins^ 
Arteries, an Heart, and Blood. The finefl Par- 
ticles of their Blood are probably to their Bo-> 
dies, as the finefl Particles of our- Blood, called 
animal Spirits, are to ours. The finefl Parti-^ 
cles of our Blood, are almoft infinitely fmaller 
than our Bodies ; therefore the finefl Particles 
in thofe animated Beings are almofl infinitely 
fixialler than their JBodies, which are 27 Milli- 
ons of Times lefs than a Mite. Well, Arijius^ 
would your philofophical Imagination defire. 


c Hill, de PAcad. 1718. p. 19. 
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for its Satisfaétîon, Particles yet more minute, 
and penetrate ftill farther into the impercepti^ 
ble Principles of Matter ? 

Ariji. I own it, my Imagination lofcs itfelf 
here in the enormous Smallnefs of thofe Parti- 
cles; but it loics itfelf, I believe, without go* 
ingaftray: For the Moment it is loft, through 
want of finding an Hold, it encourages my wa- 
vering Mind, and emboldens it to acknowledge 
in Matter, Particles ftill more delicate, even to 
Infinity. 

Every Thing confpires to perfuade me, that 
Matter is a Subftance naturally impenetrable 
and extended. Can any one not agree to it ? 
But Matter, which in its natural State prefents 
nothing to the Mind but Length, Breadth, and 
Thicknefs, has nothing of idelf to rank it un- 
der one Species of Bc^y rather than another : 
What then is this fécond Principle of inanimate 
Bodies, this Form, which of a Portion of Mat- 
ter makes one Species of Body rather than an- 
other 5 Gold rather than Silver, a Diamond ra- 
ther than Cryftal, a Pink rather than a Tulip, 
and a Tiibe-rofe rather than a Roic? 

End. It is the Configuration , the Arrange- 
ment, and the Texture of thofe Parts, whofe 
Smallnefs efcapes your Imagination, and feems, 
as it were, to be loft in Non-entity. For ima- 
gine only in feveral Portions of Matter divers 
Configurations, Arrangements, and Textures 
of the imperceptible Parts, and you will con- 
ceive feveral Species of Bodies j for Example, 

Marble, 
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Marble, Agate, or Pearl. Db not we fée Bd-. 
dies pais from one Species to anodier; without 
iany other Change than à new Texture of the 
^ imperceptible Parts } This Agitatba of Fire 
produces nothing elfë in Salt and Sand whm 
teçlced together; and yet chefe twb Bodies thus 
meked» conAitute Giafs proper for defending uft 
from the Iiguiy of the Air, . wid^mt (knying 
w the Ufe .of Light. The Juices of the Earth 
acB.not Plants, of tliemfelifes.;.^ but flipuld they 
be ranged differently , they become di&renè 
Plants ; thêfe Juices being agitated by the na- 
tural Heat, iniiauate themfelves into diverà 
Buds; and according to the various Struâuro 
of the Fibres and fimall Cells they nieet with 
therein, they afe turned, modified, placed, and 
ranged after a Thoufand Manners. Thus of 
Juices, nay often, of the very fame JuiceSj are 
formed the Violet, the Anemone, the Ranun^ 
cuius, and that charming Variety of FlowerSj 
with which our Meadows and Gardens are en- 
amelled in the Spring; Now, fince the diffë- 
tent Texture of imperceptible Particles conftî- 
tutes different Bodies, it is likewife fiifficient 
for the Form of thole Bodies ; Why then fhould 
k be fought for clfëwhere ? 

j^iji. I Ipve to fee you introduce Flowers 
into your Difcourfe, Rudoxus-^ it makes your 
philofbphical Sentiments appear the more de- 
lightful. Your Flowers pleafe me , but yet I 
am more àffedted with your Reafons. To theni 

I yield 
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I yield with Pleafure, and it is indeed impoffi- 
ble to refufe one's Aflênt. 

Eud. What then in general, according to. 
your Opinion, are thofe di^rent Bodies, whofe 
Afpeel cheers our Scnfcs ? 

Ari/i. They are fo many Portions of Mat- 
ter, whofe imperceptible Parts have their pro* 
per Configuration, Texture and Arrangement. 

Euii. I think we have fufficicntly dived into 
the Nature of Bodies in general. To Morrow 
we vEl fee if there are any Bodies in tbe Uni- 
verié. 
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Conctrnmg thç Extjlence of Bodies^ and 
the Air m particular. 

Ariji. ^^ A N one demand ferioufly, Eudox* 
\^ us y whether there be any fuch 
Things as Bodies exifting ? The fble Pleafure of 
feeing you, fpeaking to you, and hearing your 
Voice, cannot in the leaft permit me to doubt 
it. They tell us indeed ^ that certain Indians 
acknowledge only Spirits; but thofe Indians are 
Infidels, who are deluded by the Spirit of Dark- 
nefs. Could ever aiiy onel)e found in Europe^ 
out of a Madhoufe, who acknowledged no- 
thing in this vaft Univerfe but Phantoms of 
Bodies ? 

Eud. When we are not upon our Guard a- 
gainft new Notions, we eafily fiiflPer our felves 
to be impofed upon. We form to our felves 
new Principles J and hence the moft ridiculous 
Confequences procure our AfTent without Con- 
, ti;adiâ;ion- The moft whimfical Imaginations 
become familiar to us -, our Vanity finds a Sa- 
tisfaâion in thinking after an unufual Manner* 
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,This Snare hath drawn mom than one modern 
Philofopher into the Folly of the Indians. The 
Abbot * * * makes no Myftery of it , he ac- 
knowledges in himfelf only one half of himfelf; 
and notwithftanding the Weight oif his Body, 
which feems to revenge this Affront by the 
Pains it caufes to the Soul, without delibera- 
ting he looks upon himfelf as a pure Spirit, 
which without a Body receives according to I 
know not what imaginary Laws of Nature^ the 
Impreflions which it would receive if there 
were Bodies,, and if he had one himfelf, 

Ariji. Probably that he may aâ in a fuitable 
Manner , and carry on his new Philofophy to 
the utmoft, he neither eats nor drinks. 

Eud. Oh ! herein you are much miftakeiK 
he eats and drinks better than any Body. The 
Wines of T'onnerre or Champagne ^ and Phea- 
Tants or Ortolans, have nothing in them too 
material for this pure Spirit. He loves Con- 
certs, Shows, Comedies and Operas. You may 
oftner fee him in Circles of corporeal Beauties, 
than at the Foot of the Altar, contemplating 
the Beauty oif the pureft of Spirits; He never 
denies himfelf the honell and lawful Pleafures 
of Senfe ; yet when he taftes them in keality, 
he thinks he only enjoys them in Idea. Some- 
times we take Delufion for Reality ; he takes 
Reality for Delufion, but lofes nothing by it^ 
except the Reputation of a wife Man, by Vir- 
tue of his being a Philofopher. 

' Ca- Àrijï. 
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Arijl. He has loft more in my Judgment j 
he has loft the Truth. For, in fhort, the 
Scripture which contains the holieft Maxims, 
the noblcft Ideas of the Deity, and a Worftiip 
moft worthy of God; the Scripture, which 
cannot deceive us, teaches ns that there are 
Heavens, Earth, Plants, Waters, Seas, Men 
who ought to feed upon the Subftance of a 
<3od-Man, an Air which Men breathe, a Moon, 
a Sun, and Stars ; all Beings created by the Hand 
Xiî the Almighty. Can thefe created Beings 
be only ideal Beings ? Can they only exift in 
tiiy Mind, or in the Ideas of God, that is to 
fay, be created without being created? 

Eud. Do you believe that without the Aiîî- 
sftance of Faith one can rightly know the Ex- 
iftence of thofe Beings? 

Arifi. I am convinced of it: We know it 
'without the Affiftance of Faith," if the con-, 
ftant Information of our Senfes, an unavoida- 
ble Biafs engraven on our Souls by the Authot 
of Nature, the Idea of God and Reaibn, all 
concur to teach it us. In an important Affair, 
where the Queftion is about knowing whether 
we owe any external Worihip to God or not, 
we ought to depend upon fuch like united 
Rules of judging. Now all this confpires at 
once to make us Icnfible of the Exiftence of 
Bodies; for i, at all Times, conftantly, and 
from my Birth, I perceive by my Senfes a 
Thoufand and a Thoufand diâèrent Bodies; 
and jn this Variety I can diftinguifh the fame 

Bodies. 


The Exifience of Bodies ^ &c. 1 1 

Bodies. 2. I find in my felf a neceâàry Incli- 
nation to believe what the confiant Infornoati- 
on of my different Senfes tell me concerning 
the Exiftence of Bodies ; This Inclination has 
nothing in it foreign to my Nature, I receired 
it with my Life ; therefore muft have received 
it from the Author of Nature. 3 . The Author 
of Nature is equally good and wife ; of this lie 
Idea of God convinces me. Being equally 
good and wife, would he permit me to deceive 
my felf in judging both upon the confiant In- 
formation of my Senfes, and upon a neceflary 
and natural Inclination which he has ^planted 
in my Soul , and alfb upon the Idea which I 
have of his Wifdom and Goodnefe, in a Mat- 
ter of Confequence, wherein I do nothing con?- 
trary to Reafon, but am rather authorized by 
it ? My Reafon tells me that God does not per- 
mit it, at leafl without derogating by a Mira* 
cle from the Laws of his ordinary Providence, 
one of which unavoidably leads me to judge 
that there are Bodies. 

Therefore without the Aid of Revelation I 
know the Exifience of Bodies. 

lEiUd. But you who doubt fo little of the Ex- 
iftence of Bodies, are you well affured that your 
own is not a Phantom? 

Ariji, If my Body is only a Phantom, I owe 
no external Worfhip to God : But I owe him 
an external Worfhip ; every Thing tells me fo, 
my Reaibn cannoc doubt it ; therefore my Body 
is no Phantomu Seeing I am a reafbnable Bq- 
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ing, I ought to be capable of difcerning whe- 
ther I owe my Creator an exterîialWorfliîp or 
nbt; but I cannot difcern it without knowing 
whether I have a Body, or not. AH the found-' 
eft Rules of Truth oblige rîiç not to queftion 
^Vhetherl have a Body; therefore, &c. * 

;. E^d. Your Reafonings are folid. 

V Ariji. They ought to be fo ; I have drawn 
them from your Writings. 

'^ Eud. You are too forward in praifing, Art- 
Jhs. A true Tafte of Truth rarely praifes. 

* y^r//?. AtrueRçlifli of Truth pays to Merit 
the Tribute that is due to it, andPraife is the 
natural Tribute of Merit. 

- Eud.' The;re needs no eixtraordinary Merit 
to find out Reafons for judging tkat there are 
fenfible Bodies before our Eyes. But is there a 
Species of imperceptible Body more refined 
than the Air itfelf^ and which after Af. Def-' 
cartes;, yf^ n[?ay call fubtlc Matter, and cele- 
ftial Matter I Nothing is of greater Impor- , 
tance to Phyficks ; it is perhaps the moft fertile 
Source of the .Wonders :of Nature. In order 
to difcover this fertile Source, ive muft firft 
have foméidea of this Air which we breâtlie. 

• Ariji. The Air, Eudoxus^ which we breathe, 
preferves and prolongs our Days ; is it not very* 
juft then that we beftow fome Moments upon 
enquiring into its Properties.? 

Eud.'Jt certainly has furprizing Properties; 
and what appears to me yet more aftonifliing 
is, that the grêateft Part of Mankind are fen-^ 

. ' . . • iible 
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blfe of their Efficacy, without knowing them. 
Hardly do the Vulgar know there is.fuch a 
Thing as Air, unlefs the Reality of it be ma- 
nifefted to their Senfes by the Guglings of a 
Bottle , caufed evidently by. the interrupted 
flowing of the Liquor, and tihe violent and al- 
ternate entering of the Air. 

They call Air this transparent Liquid which 
furrpunds us immediately, which the Pace or 
Hand feels when one agitates it rapidly with 
tJie.Hand only, or with a Fan, and which 
qarries Coolnefs and Life into the Lungs by 
Refpiration. This. Liquid encompaflcs the 
whole Earth, fince it is equally a Principle of 
Life for all Men every where. It is extended 
even above the Top of the higheft Mountains ; 
and its univerfal Extenfion is what we call the 
Atmofphere r|^. / 

The Atqioiphere, tho! its Tranfparency ren- 
ders its fmall Parts invifible, is blue in itfelf ^ 
for I. Lift up your Eyes towards Heaven in 
fair Weather, and it prefents this Colour to 
jtour View on all Sides, ^ which makes us give 
the Name of Sky-blue to that which refembles 
it .mpft. 2. You would fay that a Sky-blue 
were fpread over the high Mountains, which 
one, fees at a Diftajice through the Atmofphere. 
^ In the Night, when the Air is without a 
Cloudy receive upon ^ Sheet of white Paper, 
but feparated in two Places by an opake 

t See Notes on Converfation XXII and XXSll, 
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and perpcaidicuiar Piece of Paftboard, the Light 
of the Moociy and of a Candle; the Place en- 
lightened by the Light of the Candle appears 
reddifh ; and that by the Light of the Moon 
appears blue 8. Is not this becaufe the firft 
has pafTed through a litde Air, and the other 
by paffing through much, die Colour of which 
is blue, is in fome fort dyed with ic? It is true, 
the Air which is near us does not appear blue, 
but that is becaufe in a fmall Space there are 
not Parts enough coloured in fuch Sort, as to 
make any fenûble Imprefiion« Thus while a 
Glafs of Wine appears to be of a lively red, 
and fuch as invites us to drink, one Drop only 
of the fame Wine has but a weak Colour ; be- 
caufe in -the full Glafs there is a Number of 
Parts livelily coloured, the Impreflion of which 
is united in the Eye, while there are only a 
few in the Part that is feparated ; and if the 
Wine contained in the Glafs is but faintly co- 
loured, the feparated Drop appears as clear as 
.Water. 

^iji. What then is the Nature of this co* 
loured Air ? 

Eud. The Air is a Body whofe Parts are ve- 
ry fine, fhort, agitated, lefs indeed than thofe 
of Fire, but more than thofe of Water, ramofe, 
flexible, having a Stiffnefe and a Springinefs 
like thofe of Cotton, i. The Air is a Body 5 
for it makes itfelf to be felt , it cools, and has 


g Mariotç, dç la Nature de l'Air, p. ^27. 

Exten* 


The Exiftence of Badiesy &c 2j 

Exteniicxi. Faften a burning Coal ta the Boc« 
XGOi of a Veâèl corned upfick down perpendi* 
cukrly > plunge^ die Vcflbl into Water ; the 
Coal is funk without being extinguifhed ; but 
for what Reafon? Becaufe the Air having no 
Vent, and prefencing to the Surface of the Wa* 
ter the equal and fnaooth Sur^ce of its own 
Extenfion, with the faose Refiftance in all the 
Parts of its Surface, hinders the Water from 
penetrating, and approaching the Coal. z. The 
Âir has Parts very fine and ihort; it flows 
through imperceptible Pores, is moved, gives 
Place, and is divided, without any fenûble Re* 
iiihince, in our paffîng from one Place to an« 
other. 3. The Air has Parts agitated; it dries 
Linnen : How is that done ? Why by loofening 
the fmall Parts of the Liquor» whichr it cannoc 
do but by the Agitation of its own Parts, 
4, The Parts of the Air are lefs agitated than 
thofe of Fire, becaufe the Fire dries Linneii 
much quicker. But the Particles of the Air 
are both more agitated and more minute than 
thofe of Water ; accordingly the Air conv^s 
/Odours more effeâually, neither does it freeze, 
while Water is turned into Ice. Finally, the 
Parts of the Air, though they are very fine, arc 
neverthelefs branchy, flexible, and elaftic, fince 
the Air is compreiTed and dilated like Cotton. 

Arijl. Has the Air, fay you, its Spring ? 

End. A Body which is contracted and bent 
by the Aftion of fome foreign Force, and 
which is dilated and unbent as of it felf, has 
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its Sjprihg or elâftîc Virtue : Now the Air la 
€ontra6ted and dilated, bent and unbeat, after 
this Manner': For i. prefs an ordinary Foot-' 
ball on all Sides: It is coropreffed, and cannot 
be fo without the Contraétioa .and bendjing of 
the internal Air. Forbear that Preifiirç, and 
the Foot-ball will be extended : Why ? Bçcaufe 
the interjial Air being fet at Liberty, it is dila- 
ted and unbent. 2. By Means of a fo)all 
compreffing Pump and fome Suckers, they 
make the Air enter at feveral Times into the 
Cavity or Chamber of a fort of Fufee, which 
they call a Wind-gun. The Suckers being 
ihut up by the Effort which the Air makes 
to get out, retain it there on one Hand 1 a 
moveable and cylindrical Key retains it on the 
other; and there you may comprefs, bend and 
contrad: it twenty, fifty, nay a hundred Times 
more, if you will, than.it was, contraâed 
without. Run a BuUqt into the Barrel of this 
philofophical Fufee , and turn the Key : The, 
Air being freed, fuddenly ifTues out, and vio- 
lently drives the Bullet before it : Take Care, 
npt to fland before the Mouth of the Fufec, 
for being pierced with the Stroke, you wçftjld> 
take the Effedt of the Air for that of Gun- 
powder, though too late. The Bullet will 
pierce a Plank through and through. Let us 
try the Experiment. Whence Prpceeds this 
furprizing Éffedt, if not from the fuccefïive 
Contraûion and Dilatation of the Air, ? TJiere- 
fore the Air has its Spring. Further, I fay it; 

has 


The Exijience offuhtile Matter. 27 

has Weight. One Day or other we fhall fee 
a Proof of this in its marvellons EfFeâs. 'Let 
lis return to the fubtile Matter; or rather let 
us defer it till to Morrow, 
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Conversation III. 

Upon the Exijience ofthefuhttle Matter. 



ift. T Do not well know, Eudoxus^ how 
j^ you will convince me that there is 
fubtile Matter in the World. I have fèen fome' 
old Philofophers, nay Profeflbrs of Philofophy, 
who are equally to be refpedted both for their 
Age and Dignity, declaim vehemently againft 
this fubtile Matter. If you fliould hear them 
iïi their Tranfports, it is nothing but- the Ef- 
fed: of an Imagination capahle of overturning 
both Phyficks and Morality. They produce a 
a Reafon for it which you would not eafily 
conjefturej that is, that they cannot fee this 
fubtile Matter. 

Eud. The Rpafon is wonderful ! They arc 
of fuch an Age, that they can fcarcely fee the 
biggefl Objeâs at their Feet; and yet in a gay 
humour they annihilate the fmalleft, becaufe 
they do not fee it. I am much afraid, left 
thofe antient Enemies to ^ fubtile Matter, far 
' ' from 
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from annihilating it, fhould become annihila- 
ted themfelvcs in our Eyes, through the want 
_ of a fubtile Matter to warm that Blood which 
old Age has froze in their Veins. 

Ariji. But pray, EudoxuSy what do you un- 
derftand by fubtile Matter Ï Is it that globulous 
Matter, thofe imperceptible hard and round Bo- 
dies, whofe Difcovery and Original are equally 
afcribed to M Defcartes ? Or that Matter which 
is ftill more minute and more agitated, which 
according to the Fancy of our modern Philo- 
fophers, changes its Figure more eaûly than 
Proteus? 

Eud. I underftand here in general by fubtile 
Matter:};, a Matter finer than the Air which 
we l^eath^ Matter very minute, and which 
being continually agitated after a ThcHifand and 
a Thoufend different Ways, and preferved in 
its Agitation by that of the Stars and the Sun> 
cannot fail of taking and having in its Cor«- 
pufcles, a Thoufand and a Thoufand different 
Figures, triangular, fquare, fpherical, &c. 

A 'ijij But how do you prove the Exiftence 
of a Matter, which you feem to believe as an- 
cient as the World itfelf , and which yet ap- 
pears new to many of the Learned, 

Eud. To prove this, I obferve, and {hall 
make others obferve, a Faâ: in a Machine, 
which they fometimes call Boyle's Machine, 
Ibmetimes an Air-Pump, or Machina Vacuù 

X See the Notes, upon Convéïfàtbn V. 
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Pray obfervc mine, Fig. î. It is compofcd, as 
3rou fee, of a Pump, or hoUow Cylinder (a)i 
a Pifton, or folid Cylinder (b)^ which afcends 
or dcfccnds at Heafore ; a Coppcr-t^late (c)^ 
bored dirdugh the Middle, upon which I place 
a Veficl of Cryftal (d)^ made alnioft in Form 
of a Bell, and which is called the Receiver ; a 
Pipe (t)y which conMnunicates with the Barrel 
and the Receiver by the Hole in the Plate ; a 
cylindrical and moveable Key (f)^ which di- 
vides at ri^t Angles like the Screw of a Cock, 
and ihuts or opens at Pleafure the Communi- 
cation of the Barrel and Receiver. The Key, 
when it fhuts the Communication, has in its 
inferior Surface a Groove, or fort of final! 
Channel, ' by which the Air may iflue out of 
the Barrel withoirt .entering into the Re- 
ceiver. 

If I open the Communication, and draw the 
Pifton downward, yoa will hear the whizzing 
of a liquid Matter, which pa0es with an acce- 
lerated Swjfmefs from a larger Space into a 
narrower, from the Receiver into the Barrel, 
by the Hole of the Plate. I raiib the Pifton^ 
after having fliut the Hole of Communication^; 
the pumped Matter iffues out impetuoufly by 
the Grooves of the Key: I continue pumping 
at fcveral Times. The liquid Matter ftill i^ 
Aies out with a Noife, affifting my Endeavour 
to draw the Pifton ; but at laft the Noife ceafes, 
and my Effort is no longer feconded. 

* Pump 
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Pump an hundred Times without fufFering 
the pumped Matter to enter again into the Re- 
ceiver: The Receiver never fails to. be full of 
Matter; for it is full of Light, and Light is a 
Body, fince a Light too lively hurts the Eyes; 
and it is only one Body that diforders, touches 
and hurts another: Now this Matter which 
always fills the Receiver, is different from that 
which is pumped out. That which is pumped 
out, cools, and preferves Life. Animals die in 
the other; this Goldfinch, in which I take fo 
touch Pleafure, would prefently lofe therein 
both its Gaiety and Life, as an hundred little 
Sparrows have already done, . The firft whiflles 
in going out ; and my Watch ftrikes in it what 
Hour you pleafe ; the other makes no Noife, 
and the Watch is never heard in it. The firft 
feconds the Defcent of the Pifton, the other, 
does. not in the leaft facilitate it: The firft nei- 
ther penetrates Qlafs, nor Cryftal; for other-^ 
wife being driven out of the Pump by the 
Groove , it would return in making a Circuity 
pais through the Receiver, enter into it again, 
and always produce the fame Eifeâ; as Air 
driven out of a Chimney by the Flame, always, 
returns with the- fame Whiftling through the 
Cracks of the Doors or Windows : The other 
penetrates the Receiver without Refiftance, 
fince it fucceeds the former, and tranfmits Light 
to our Eyes. The firft then muft be more 
grofs, and that is Air ; this other muft be finer, 
and is the fubtile Matter* Therefore there is 

fubtile 
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iubcile Matter, which was the Thing to be 
proved. 

There is, I fay, a fubtile Matter , and this 
fubtiie Matter is as old as the Univerfe, if 
there is in the Air, which we breath, Matter 
finer than Air itfelf: Now there is in the Air 
Matter finer than the Air itfelf; for Matter 
which penetrates Glafs and Cryftal, is finelr 
Matter than Air itfelf; the Air which carries 
Life into our Lungs neither penetrates Glafs 
nor Cryftal, fince Animals die for want of Air 
in a large Veflbl of Glafe or Cryftal : But there 
is in the Air a Matter which penetrates Giafs 
and Cryftal ; Light certainly penetrates both 
the one and the other, fince it makes us fee 
coloured' Objeâs through both ; and its Rays 
pafling through a Prifm prefent to our Eyes the 
Colours of the Rainbow, and paint a Wall 
with the moft beautiful Colours : Now Light 
is Matter difFufed in the Air, it is a Body ; in 
fliort , Light touches , agitates and hurts the 
Eyes; and what touches, agitates, and wounds 
a Body, is Body : Lucretius fpeaks like a Phi- 
lofopher, whenhefeys: 

^angere enim & tangiy nifi corpus^ nulla potejl res. 

Body alone can touch, and touches only Bo- 
dy: Therefore there is a fubtile Matter. 

But further, is there not a Matter more de- 
licate than Air, a fubtile Matter, which in 
Time of Heats being fenfible, if I may thu^ 

fpeak. 
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Ipeak» of the newDegrees of Heat, j^eiteâ 
the Glafs of the Thermometer, and cherem 
jnakes the Spirit of Wiae ferment and afoend^ 
in order to let us fee with die Eye thofe ncur 
Degrees of Heat which vrc feel? And mixft 
not fome M atoo: of this Species ioiQnifate itfdf 
iitto the Bofom of the Eatth by a Thousand 
imperceptible Channek, in order to giire by 
their Motion to divers Elements that Configu- 
ration, Arrangement and Texture, which coor- 
^tuce precious Stones, Silver and Gold ? Is it 
not a fubtiie Matter, which direâs, agitates 
and anitnates the Loadftone, and iffijes out q£ 
its Subftance, in order to encompa& it with a 
Vortex of Filings of Iron ; and makes Iron or 
Steel court it or fly from k, while precious Stones, 
Gold or Silver make no Impreffîon thereon? 
Is it not this fame Matter which by impercq^^ 
îible Paâages fèarches cut, corrodes, undar^ 
fQines, and coniumes the internal Parts of hard 
Bodies, and reduces to Duâ:, Stsones and the 
tnou ftately Ediikes ? Is it not diat which by 
its Agitation caufes the Fermentations, the 
Fluidity of the Blood and Humours, and xen*- 
ders the Subftance of the Brain more fofr, 
flexible, and fit for producing new Ideas. 

^rijl. That is to fay, fubtiie Matter works 
Miracles in the Sight of thofe who ^adaûre 
them, while they do n(X acknowledge k. It 
enlightens them, yet they perceive it not ; its 
Light difcovers the moft fecret Myfleries, and 
yet does not make itfelf kaou^n j it remains in 

Darknefs, 
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t)arknefs> while it fpreads a Light over all ; it 
|givc8 Vivacity^ and Penetration to the Mind^ 
yet the Mind ufes them maiiciouily againft it: 
For you may daily hear fome of your new Phi- 
^>fi)phers jeftiflg upon fubtile Matter. It is the 
*ourcc of Riches, and yet is rqeéled; it re- 
vives old Age, which would gladly reduce it 
%o nothing) or diilipate it, if by its prodigious 
Subtlety it did not efcape the Eyes of its Ene^ 
mies. ^y making Men happy, it makes them 
ungrateful). 

Kud. I apprehend, .Arijius^ that the very I^ 
dea ojf a fubtile Matter awakens your good Hu- 
mour. Perhaps the fubtile Matter has a great- 
er Share therein than you think of^ the live- 
ly, but moderate Agitation, which it produces 
in your Blood and the Fibres of your Brain, 
ibrves to dif&pate any cloudy Humour^, and 
giye you pleafing Ideas. You jeft,. you laugh, 
at my Sentiments concerning a fubtile Matter; 
I hope our Converfations wUl convince you of 
its Reality, and that this fubtile Matter has 
made you a Man of Wit, without making you 
an Ingrate. 

Ariji. I believe your Sentiment in the Main 
is fblid, Eudoxui-, I am for a fubtile Matter. 
It cheers my Mind ; I love to fee it circulate ac 
your Pleafure through the whole Univerie^ ajid 
work Wonders every where. Nay its Small-* 
neis gives me no Uneaûneis neither, iince. 
v^e have feen Animals feven and twenty Mil* 
lions of Times leis than a Mite. But how came 

Vol. I. - D >/>//^ 
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Arifi^îe^ whom they call thè Genius 6f Na- 
ture , not in the leaft to perceive this fertâe 
Source of Wonders ? 

End. Though Arifitjth did not perceive it 
k was however not at all the fete real: nB 
had no Notion of the Circulation of the BIoooT 
which flowed in his Veins; yet the Blood ha«r 
never ceafed to circulate in all Men from the 
very iirft even down to us, paffing with a pro- 
digious Rapidity from the Heart to the Extre- 
mities of the Body , and returning vnth the 
feme Velocity from the Extremities to the 
Heatt, as we (hall fee one Day or other. But 
read Arijt^tle^ you underftand the Greeks tho* 
unknown to tnany ttAriftoth'^ Enemies j in i 
hundred Places he fpcafcs of an etherial Matter» 
of a Fire univerfally diffuied, in the Air, and 
above the Air. This Fire, diis etherial Mat- 
ttr» is it not the fubtile Matter, of which they 
will have M. Dèjcartes to have been the firft 
Inventor? 

Ariji. Though a fubtile Matter had not ob-' 
tamed the united Suffrages oïAriftotle and -D^ 
cartes^ yet fhould I voluntarily yield to youf ' 
Reafoning : Notwithftanding your Reafons fup- . 
pofe Bodies to have Pores, that they are pierc'd 
thtough with aThoufand and Thoufand Holes; 
I fliould be glad to fee ihofe Pores, thofe ïm- ; 
perceptible Holes, as clearly as I perceive the' 
fubtile Matter, and then I fhould be fatkfied, * 
I have feen fbme Ferions who have been in- 
cttdulous about thefc imperceptible Pores. 
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CoHVEIlfiATlOH IV. 

t^ô» /i&^ Porojtt*^ of Bodies,, 

içi%'^ one fees tbe w^ple .tl^ 
' yfer& overflowed widi. a iub« 
4i}a Ma^ir^çn ^^ i$ çqnvipçed that ic is» as ^ 
-Iv^i the SquÎ df ')f^ we mtiâ: of ^ççefi^ 4^ 
4qv it ^ ^ee Bs^ge 4n^ an eztreo:^ PqrqôcVf jfi 
A9c4erf9 1(8 ipH^dii^ iâlnâuenoe uxuvei^y. ^ 

Ja ^ AlVUe Matter every Pf rtic^ as iç ytcfifi» 
fyxcd afi^ i^ced in a hundred MUliqn çf Pla- 
ces at leaft. But tp ipçak freely, is it |tto^* 
JWç ^:a}j[ Bodies W« «hoir Ppiw? 
, M it is ;»pt io die ,4cjUl proi>able that aU 
In^if^pti^le Updies iuve thôn} Qeithex.iia^ 
j^yes i)9r vsf Ri^|i ^ tj^qn in i^ ^^^îp 
ÂîiHSr. îlïf Pfr^icle* pf fu4 lij» Çorpufclep 
lî^vç _^ \\t^ |P(MU6^nce^ and are ù» minute, 
Ùm^imé' %GÇ oiîght, I imagine, to unité 
!*f»»i«W*4ia|^X» JBot ^ % Pactiçlfip of all 
£fn^k^i9^ h^Vjp ^içpre.Stîlidity, W 4}^- ' 
«©tJie*r«, gsf9iiiiçl> fquarc, ©"<:. ^t |s pror 
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^bablc that they have Interftices or Pores. What 
fey I, probable? It is a certain Faâ:, which 
Rcafon and Experience jointly teach us. 

Bodies cannot be compreflèd without Pores $ 
Cpmprpfiion is occaûoned only by the Ap- 
proaoi of the Particles, and t;hçir Approach 
luppofes that they were feparated by Interfti- 
ces, which are otherwife called Pores. Expe- 
rience fufficiently fhews that all fenfible Bodies 
are compreflèd, even the moft folid. , Ivory 
does it remarkably.. Let fall a Billiard Ball 
from ft certain Height upon a Plane of Marble 
covered over with a light Lay of ^Tallow ; you 
•will fee in the Tallow a round Figure, pretty 
Targe, which could not have been made but by 
a ' confiderable flattening of the Ball, There- 
' foré all fenfible Bodies have their Pores. Why 
does Water weigh fourteen Times lefs than an 
-equal fenfible Portîoû of Quickfilver?- Becaufe 
c Water poflfefles no morte than the fourteenth 
•^P^rt of the Space which it fecms toi do; fo ma- 
^ny Interftices are there in it. 
.. What Species of Body i? there, that has them 
not ? 'Tis evident that Gryflals, Rcfcies, and 
Dis^nonds have them 5 ^nce they are, tranlpa- 
Tenti and afford a Thotifand free Paflages to 
the Light, which îs-â Body that often ckzzlcs 
•and hurts the Eyes. Why does a Ball oif 
Çlaîs, hollow and full of Light, move as eafi- 
ly upon an horizontal Plane, . as if it contained 
lio other. Matter than its own? Becaufe the la- 
luinous Matter, ^ of V^hich it is full| ilSies-out 
^ " •- • freely» 
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ff^dy, and otbtr Matter of thé fame Sort en- % 
ta^ vâûi the Êime Freedom through the* Poires ^ 
of the Glais ; ortherwife fhe Sphere would maHc 
as great à fijefiftance ai if>it were full of;]Vfer«: 
cuiy, fince its Refiftance would be according^ 
«0 the .Qjiaètxt^ of Matter whkh it attained/ 
h riot jour Body all ovériluU of Pores ^ Tl»rè' 
is not QM Party wherein Sweat does not £n(i 
iboiê. Paâigè in à Crifi^ or jap excei^ve Heatr 
And why does* it grow lean^* through your Ih- 
;eAfe lludying jôf Philofophy ? , Becaufe its Sob^ 
ftance» which the naturalHéat puts intdajconw; 
tiâutl A^t^n; is isi^hisded;hy Tranlpiradoiv 
y{tthou£ your; taking an J Care to recruit: it^ 
Simle Phiblpphers who bs^Ve^ tsieeo fb.cumoaw 
»xà wc^ibpd); their own Bodies, and the 
Nouriflbrtieot, which thçy took, znd the.Su^; 
|ierâuity ^thât paâèd off without being changed 
»tû . Juice^: ' Wiye difcayercdf that the grcateK 
Part of our Aliment muft. be difiipated by* 
Ways imperceptible* 

' Jirifi.Th» L^ht, which comes, to ray Eyet 
âvoUgK Gla0ès and precious Stones, dlfcoveiir 
Pores to me therein ; that Tranfpiration, wUichr 
according to you dries me up, obliges mel:tq 
^ckncMedge^ them in oiy felt, beyond What I 
«m able to imagine. But hard and opake Bo^ 
diesj Oak for Example, Metals which are tfaa 
ipoA côtfipa(^ Bodies, Iroo, Silver and Qold^ 
fliould they be alfo made by Nature to give Ac- 

ce& to the fubtile Matter ? . 

< 
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Eai. Hie fubtile Maoeri vrftioli fince dnf 
Chigiti Af the W<drld has been |>reftrrbd onij^ 
li^ AgUatbn^OQ^c^ do cbobt, in labdiri*!!^ ton 
fenh' âio^ Bodies, to liav^ plioVided ifaerekt 
^ee ^sJSsBgsi ïàcmce^tj Oôéafièns* Wooté 
ybix bdâew it, jM^9 Oak has at leaft twefttjf 
^nies more Voctil and voiâ Sfiaoss m vt^ cfaail 
jk^faas of its oWa Molter. Ih (faort, ibe vp^m 
xentrBtilk^ the rMaâ of Ohk ureighs tWtAit)|t 
TiinoB lefs than lui e([|bai Bulk of Gold. Ft^ 
Wa&r:wçagh$ nineteen Titn^ kit tfetm Gala; 
^aéûak weigh| lefe than Watet\ fiAceit^oMMF 
VfBsittst;; Mètat!( diâbl^^d by {ieà|^ let Ui Ao 
fiifficiendy tfa&c Htîéf ^ave Peaces openr^ and là^ 
wagrisi yeadjr co rtceiyeCoipu^:!^ (» Fitièi tiN^ 
Bèftdb^^ers aiid Emeiniea j biit yoli • tacMft hâiw 
FaSi;s làore iûi|$ir^g ; ^m obferve duÉh. ^ 

HtiairsiQ Waflsr,' èvdr« Sâhd^at^ làfïbrd ^ 
dear Liquor. Wdte With Vi ttéjg^ fipn jjtcgflâ^' 
ted with Salt of Lead, and dte Wtitiag d^ 
lioc /appear); \m ht ftxttt&; Liquor ]pà&ig 
duHTOgh an entire ^^Mdt, yoa wSl be able «f 
i!éad^m^t invhible Writii^. foA tbk i» ^m^ 
patbctiçk fokj((. • ,7 

< a. Shi^t UÎP an !Bb3f«6 à^ aw Sort of IMM^ 
yoûpidafejj fon«eï>ki df ISlvett Thefidplnfltc^ÈSt 
Eadiaktion^of tllfe:$éÂs^i^«^%]Me, hè^^ éftiv 

çfaiifid^ finds A<jcefs co )>, ft #fc8 d^e 1[1n wiA 

H Lcmcry, p. '390. 
k M^. de Mçaîa. p. ij^2. ijoq. 
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ûm Colour* of Silver^ ; «ad Silver wkk that of 
Gold, How does chp E^dialation pais dirough ? 
M Hombergbj an 47q)erc Cbymiâ: of die Ar 
cademy of Sciences^ made Salts pafs calmly 
throiigli Iron aad Silver before your Eyes. One 
may wlipre it K A Salt exttôfbed fropa a Mix-* 
ture of quick Liine^ diâillad Vin^ar, Salty 
pei^r» S^Salt» aodcomman Sul^w; fpidcsia 
an Imn crucible oyer ^ ftrong Fire, and (yiief> 
ly peqet;rjita the Iron, as , WsO^er paflbs through 
brown Paiper, without diddering any P|^pc> or 
leaving any Trace of its PaiSiige* Qae Fart of 
linae drawn from a Solwion of fiiie'SUv^r« cw» 
Parts ojt cprfoiive SnblUnate,, and chre» of crude 
AntxQionj^ ^uced to Powder, mi»yi exa^y; 
and diûjiltod'over a Sand Hear^ aiibrd a. bkur 
minous metalline Matter, which mislta ;Ukf 
Wax; and being meli^ upon a Pkte.;of..Sil« 
ver ^ajbout half a liop thick, is imbibed into 
this ]>reciou8 Metal, and penetrate xt ^rau^ 
and through wkhout caii^Qg late le^ Albert 
IMP in it Wberefor>e N^twe, which h more 
wonderful ûill in what^e conceals foom ow 
Senfes, than in fei^ble Cft^eâs, cnuftikave di& 
po&d in Iron ^nd Silver a |)rodigiQUS Number 
of P<^e6, ijtU communicâtmg widi one an-» 
other« Gold has its own Pores, as well as Sil- 
ver^ ifor Spirit of Sea Salt diâblves Gold, and 
AquA Regia^ compolfibd of Spirit of Salt and 
^IHrit isS Nitre , reduces Gold into a Liquor* 

J Mem. dc TActd. 171 5. p. »oS. 
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WitHout the Interftkes in the Gold, could th» 
Dîiîblvent find Accefs into the Texture of thi| 
•Metal, or could it cat info it ? 

jirij}^ The Experiments and Labours of the 
Academy have certainly given us a great Light 
into feverai very obfcure^Things. Your Rea- 
foftuig^, and the Experiments of M. îïonibèrgb^ 
difcovcr Co me by what Ways the fubtiie Màtr 
ter can, in fome Sort, animate the Earthi 
Thofe fecret Ways, thofe imperceptible Routs, 
have probably different Figurés , and are 01 
various * Bignefs in divers Bodies ; thé various 
Texture, vrhich makes different Bodies, ought 
to caufe this Variety in the Pores: But I fhould 
be glad to haVe fome Experiments capable of 
convincing me beyond all Contradîâion. Èx-^ 
périment^ which ftrikè the Senfes, often cqn^ 
firm our daggering Reafori. 

Ë,ud. Experience in this Cafe flill agrees 
with .Re2i£)n. Why is Spirit of Nitre a proper 
Difiblveiit of Silver and not of Gold, and Spi- 
rit (^ Sea Salt the proper Diflblvent of Gbldi 
and not of Silver ? Why does Aqua Regia^ 
compounded of Spirit of Salt, and Spirit of 
Nitre, reduce Gold into à Liquor, without 
diflblvihg Silver; while Aqua FortiSy in which 
Spirit of Nitre is predominant, reduces Silver 
into a Liquor, without diffolving Gold ? The 
different Porofity of Gold and Silver probably 
occafion thofe different Éffeds. Since Gold 
' weighs ipuch more than Silver, probably the 
Porcs of G0I4 are much ftraiter. Whence 
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the Pointe of Spirit of Salt being probably fi« 
ner than thofe of -Spirit of Nitre, find them-^ 
felvcs too much at Liberty in'the Pores of-Sil- 
ver» and make no Impreffion upon it; bue 
Aiding with fome Difficult; notwithftaiiding^ 
their Smallnefs, into thoie of Gold, they pto- 
ducc therein the Eâèâ of a Wedge, by divi- 
ding and diiSipating the fblid Parts. On the 
contrary, the Points of Spirit of. Nitre bein^ 
probably thicker dsan thofe of Sea Salt, pene^. 
trate into the Pores of Silver wSth Difficulty,^ 
and therein do the Bufineis of a Wedge, byie^ 
parating and diffipating the folid Parts: But not 
being able to run into thoie of Gold, they 
tnake no Impreffion upon it; however being' 
mixed with Spirit of Sea Salt in the Aqua Re-^ 
gia^ they find Accefs into the Gold, corrode 
and demolifh it, ^ becaufe the Spirit of Salt 
makes them fine enough to gain with feme 
Effort a Pafiiige into the Interflices of the Gold.- 
Thus Water, which paflcs fi'ecly betweeii the 
Arches of a Bridée, does it no Harm; but 
ihould it meet with any Obflacles, it ovemirnr 
alL It fbmetimes happens that Aqua Fùrtis^ 
too pure , and too fubtile^ is a Sort of Àquà 
Regiay diat diiliptftes Gold and fpares Silver r 
Pour upon it a certain Quantity of comnion 
Water, and it will diffipate Silver, and fparé 
Gold; Whence then does this proceed, but 
from the Inequality of the Pores ^ ? 

* Hïft. del' Acad p. 374. 

■' ' ■ Wine 
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. Wific aod Water difcâyer ; fio vs^ n Wl M 
Spirk of Sait aiid of Hkt^ ^^a, Pi^rençe in th^ 
Bores; For Wîûe, vrhiçh is jltrediaadiafiou^ 
ated into the Subifc^nce of içiYeral fiodie^ çl^es 
oat àl\9ays pfiis. thtrpugh *w]i^e Water pafl^. 
If you fu^eâ any Mixture ifi V^i^ter in Wine, 
ptHir the JjquûT IfiXQ « ye0'^:fmde of Jyyj 
$biu: Water which might li^v^ d^Q^i^ ^vi 
iiader the Afifepçarajtice of Winçi^ ^rts frotnici 
goesoff^ and dîAîlls Drop ^,Ii>rop$ the Wkia 
remaioB «t the Bottom of dike Ve^el» and thQ 
l79£b fiixiB nothing <iiere hot ^r^ Wine. ^ 

.rf^rî/î. WdH» Ï fe plainly^, yoi» wUl aot h»vo 
liie Wateiv fv^ich takes <x feçina to take the( 
Colour of Wine^ take ali^ i^ Nature. You 
dmfe rather tQ<:Q(iceal it m the Fores. <^ Inter*? 
ilice» of the Wine. 

EtkL Û . %Sr poiSble io , Separate Water: 
frf^n Wine ten t)ay& after ch^y have bëea 
laixeoli ic is évident chat Water docs not 9f- 
fiiaae the Nacore of Wine iû the Mixcurc:; 
Bffit this tt^y ibe^ done , and Faf her Maig^ 
ifOH of ihç Order of Mi/ifm^ has done ic \ 
" I inixedi» fays he ^ wiA -one Part of very 
^' ckar WeU-^water, two Pints of old Wine, 
1' pure andr oiaûrMig vGACdonr. I let ihe 
^. Mixture alone for ahout t^O; Pays and ten 
^* N%ht6 in ^ Veffcl, vety little concave^ and 
^^.whofe Mouth was hvge,, waking for a De-* 
^« gree of coH, fitw fit^eze the Water w&thouc 

« freezing 
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«JBreti^ theWim. A Nordi-Wind pro^i], 
<* ced thk WedL in the Night. In the Mom-* 
•^ ing I fijutod the Wçiter frozen upon the W&i-» 
« daw WithtHit I bowed down the VtSSêL 
« The Wàtëf résl&ined ftiU immoveaUe, but 

• iifttftedi?ktély alïftoft the Wine diftflted. Yba 
«might have ften the Dro^ of this Liquet 
« fiter tiMtoftteh the Wftter ; p»fi focccfliveîj» 
^ fMHk hAlémiàei to IiMerftices, and run Into 
H ^ Vtâeîwhiehl^d leit. under it. All th^ 

• Wine qwttfed *fce P<ïre« of the froaett Wk- 
«^ tet. It bfeç^ifaè wholly. whitÉï, and Wâh 
•? pièpod . -Aiiuttgb with iWiïaiids of .fcaiifl 
•« Holes, îàé'^ fort oFFtfege. finaWy, wheik 
«<• ^te ïce^éÈi ntiëltëâ, thete wa» itiotthuig tb be 
«« ifeen in die Vèflèl, but v«y dean Water^ 

• Avithout'aiï;!^ A^araûise of Wme. 

' "'Jitrijl. I m. tquidly convinced of the TotO-' 
fity of Bodies^ and of the Variety </£ thcit . te- 
téif^es^, bttfc fcsir leàft nlliy YelWtls ItnaOTiation 
fbunAA feduce toy Realbn, when tny Eyes do, 
né* dflfceïH'tfie ObjeQ*} «ray ïet usttytodifttfe 
il«f Afc Pbfes ««vïih â MkrdCcapt, Whatevet 
fbikes the Eyes, makes i deeper Itnpreffîon Utv. 
èfn the Mind, than any Thing related to ï» by 
^e Learned : Hoface very weH dbîetves +. 


Segniiis 4rr^a^ anmos dfmfa fer aufem, 
«» ^ quajunt oculiifubjeSla fidelihui. — 

f Aii foot ?. 1 80. 
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Eud. 'Here is my Micrc^cop^ » yiou may fee 
Pore]?, in foipe Sorv invifit)le;: ; Yptf will fee 
îoïiM at leaft in aCoal; ther^they are difpo^ 
fed in Order, and very iqumerpus. A cerç^in 
Pfailofopher ^ £ky$| diat he has feen them with 
à ]^crolcope^ and counted to the Number; of 
J 50 in onç Row , the eighteenth Part of an 
Inch long; now acccMrding to the Calculaooa 
of . that Author, a Coal pf an^ Inch Diameteo 
pij^ht to have in it more than; five N^illio^s^ 
Obferve thi^n thejç Pores, and i)iew themi'' to 
your :incre4ulous Philofopher9 , if their %e8\ 
are yêt in a Conditibn to behold Objeâs mag« 
jiified, and fuch as are twenty or thirty Millie 
bns of Times bigger than in their namràl State. > 

Arift. I apx fenfible there are Pores, Eudox^ 
us I but are thofe Pores empty or not? I ifeo 
nothing *in them but Darknefs ^ for my Part I 
can difcern no fubtile Matter. •> 

J End. To Morrow I will tell you my Senu-^ 
ments on this.Head; in then^n Time (X)fi$^ 
der of it your felf;^ we. will endeavour to d^^ 
.cern if there bç really any Vacuum in NatUji^ 
or if It be any pther than thax, which accord^ 
ii^ to the Language of the Vulgar, is ofteiî 
found in the Bottle, the Purfe, or. the Head. * 

' JIf, HooL Journal dcs/çavans, XXII. Ike, i666. p, 73 S. 
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.J 

Concerning a Vacuum. 

JSiftiT It TELL, Arifiusy fince our laft 
V V Converfatîôn ' 1^ your Mind ta- 
ken any Flight in your profound • Meditations 
upon a Vacuum^ Has it penetrated \}[uiVacu^ 
tiniy' this immenib Nothing, which they place 
immediately upon the Surface of the World ? 
Has it < mil over thofe Spaces where the Sight 
is 16f{, and where Inugination alone wanoers 
atPleafure? / 

• Afiji. My Mind » Eudoxus^ has made no 
ufele& Journey • into your ithaginary Spaces ; 
it never wehtout of this World, which how- 
ever ought to have its proper Bounds, 'though 
the divine Power has none; it remained with- 
in my Cloiet, employed about thofe Pores, 
thofe Species of fmall Vacuities with which 
Bodies are beflrewed. And feeing nothing 
there with the Microfcope, no not fo much as 
the leaft Trace of a fubtile Matter, it afked it- 
felf what is a Vacuum ? Is it poffible ? Does it 
cxiftf And I think I have hit upon the Truth. 

Eud. Your Mind is methodical in its Enquir 
ries ; but what is a Vacuum? 

Arift. 
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Jrifi. A Vacuum ib pirôfiierl^ à Sur^cé cà^ 
bable of containing ' a Bodv, without oofitÉia«& 
ang however any <»c at au. 

Eud. This is the Idea I hàVe of a Facuumi 
But is 2l Vacuum pof&ble? 

./i^J Can JEleafoo doubt k, Èfidô^ti$? What 
ever implies no Contradiction is poffible; a Va*^ 
cuum implies no Contradidion; for wluit Con* 
tradiâion is there in a Surface proper for con^ 
taining a Body^ and which yot contains tiabit 
«ail ? Thcfo T<9rma no Way deiWoy one an« 
jwher t Therefore a Vacuum }» poffiblei 

In a Word, flxoujd God at once {ttioahiliitt 
this Air, and all the Matter wherowith we ai« 
furroonded in this Clofet^ witi^wt foaking a»^ 
Change in the Situation of the Clo^> or im 
îîie Bodies that furround It^ thORe would be à 
Vacuum y and one might fay that then wtt 
ibould find our felves immediàiely Under No- 
thing: Now this Suppofition hat nothing in it 
jmpoffible^ nothing contradk^ory» titling that 
U above the Power c^ a Qodi "v^ho ftaâa in 
Need of nothing, who freely pr^rves the Bo^ 
dies which be does preièrve» who can annihi^ 
late fome, without others, 6oce tbcy arc & 
inany 4iflinâ Subilances, that he can work a 
Change in them, or not; therefore» &c, 

Eud.^ Neither M. Defcart^s^ norjSf. Robau&l 
Bor Af, Regis, two of the moft celebrated Cî^r^* 
tefianSy were of your Opinion. 

ulrtji. I know it, but I know al& that io ihis 
Matter their Underftandipg was: the Dupp ^ 

• their 
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their Imagination; their Imagination i^tàt 
them fee Extenfion in all the intermediate Spa** 
ces of Bodies^ and this Extenfion dléy took for 
a real Extenfion,^ ifor a Portion of Matter; but 
they toc^ the Phantom for die Reality. Let 
m carry oxxt Imagination as ftr as we pleafe 
bcyc»d 6ooa Years^ or thereabout^ which are 
paA fince the Creation of the Worlds our Imà^ 
ginadon ft ill fuppofes an E^fteniioft; but in 
that Extenfion is there any Solidity? None at 
aU; odierwiie the World would be eternal^ 
Oiir ImagiiKation fe^ds itfelJT with corporel {- 
mages ; die S^ht of Bodies fills it with die l^ 
mage of Extenfion. Hence wherever our Ima-* 
gination is carried^ the Image of Extenfion ac« 
companies it; but this is only ' an imaginary 
Extenfion, which has nothing of Body in it^ 
and which vanifhes before the Eyes of Reaibn. . 

End. Thus far I agree with you in your 
Sentiments about a Vacuum. But is there any 
Vacuum in the Univerfe ? I believe there is na 
fuch Thing; why? Becaufb there is no Proof 
of Its Exiftence, and I fee nothing more ufcf 
lefs than a Vacuum for producing the Wonders 
of Nature. ; 

Arift. For my Part, I own freely that fine© 
I have feen with your Microfeope Pores in a 
prodigious Number, and fo many Sorts ofVa^ 
cuums, I find it difficult not to, acknowledge at 
leafl: fome fmall real Vacuums with Gajfendus^ 
Lucretius^ and Epicurus. 

•• • 

Eud 
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. Eud. You arc then fomething of an Epicû^ 
rean? 

. jé^Jl. Yes, but then it is only in a Pointy 
wherein one may^ be fo with Honour. If I 
place my fleeting Happine& in Pleafure^ it is 
only in the Pleafure of learning die Truth from 
your Mouth. I am alfo furprized that you are 
not fomething of an Epicurean your felf: For, 
in a Word) thofe Pores fo numerous and almoft 
infinitely fmall,. which you have made me fee 
in iènûble Bodies ) have a great Appearance of 
t>emg perfeâly void ; they are fo in the Judg-^ 
^lent of the Eyes ; are they not fo in the Judg« 
mept of Reafon ? What is it that fills them ? 
Eud. The fubtile Matter J. 

. / Arifl, 


** J ^înce the Refiftance of a fluid Medium arifes chiefly from 
its Denfity^ it from thence necejfarily follows^ that where there 
is nofenfible R^ftanee of the Medium, there /i?^ Medium muft' 
have nofenfible Denfityi and therefore finee in the Heavens thr 
Comets fuffer nofenfible Refiftance^ but exert their Motions with^ 
the greateft Freedom^ as if they were in a perfeB Void, or Va- 


** Medium in the Heavens may be fo rare and fine y that if you , 
^* exeeft the Planets and their Atmofpheres^ the Matter which is 
** diffused tbrough all the reft of the Planetary Region^ or ourfih 
** lar.SyftenSi may notbe fo much as that which is contained in an 
^ Inch of our common Air, And this is demonft rated to be pjji-- 
*l bh in KeilV Phyjica! LeBures. Keil's Phyf. p. 202. 

" Liquors which differ not much in Dcnfitv, . as Water, Spirit 
** of Wmç, Spirit of Turpentine, ' hot Oil differ not much in 
** Refiflance. Water is thirteen or fourteen Times lighter than 
'* QuickiUver, and by Confequence thirteen or fourteen Times 
'* rarer; and its Reiiilance is leis than that of Qiuckiilver in the 
•* lame Proportion, or thereabouts, as I have found' by Experi- 
'^ m^ats, made with Pendulun». . The open Air in which we 
\ ■ ' *• breathe 
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.. lârifi^ The fubtile Matter! But the fmall 
Particles of fubtile Matter have different Fi- 
gures, round, fquare, Gfr. How are thbfe dif- 
ferent 


"1 . 

** breathe is eight or^ nine, hundred Times lighter than Water* 
** and by CôAfeqùencè eight or nine hundred Times rarer, and 
" accordingly its kefiftance is lefs than that of Water in the fame 
** Proportion, or thereabouts, as I have alfo found by Experi- 
" merits made with Pendulums. And in thinner Air the Refi- 
ftance is ftill \tÇ&^ and at length by rarifying the Air, becomes 
infenfible. For fmall Feathers falling in the open Air meet 
with great Reliftance, but in a tall Glals well emptied of Air, 
they fall as faft as Lead or Gold,... as I have feen tried feveral 


« 

*s Times. Whence the Rcfiftarice feenis ftill to decreafe in Pro- 
** portion to the Denfity of the Fluid. For I do not find by any 
** Experiments, thai Bodies moving in Quickfilver, Water or 
** Air, meet with any other fenfible Réfîftance', than what ari- 
" fes from the Denfity and Tenacity of tliofe fenlible Fluids, as 
*' they would do if the Pores of thofe Fluids, and all other Spa- 
** cies, were filled with a denfe and fubtile Fluid. Now if the 
f* Refiftance in a Veffel well emptied of Air, was but an hun- 
** dred Times lefe than in the open Air, it would be about a 
** Million oF Times lels than in Qjickfilver. But it feenis to be 
.** much lels in filch a VefFd, arid ftill much lefs in thé Heavens, 
** at the Height of three or four hundred Miles from the Earth, 
•* or above. For, Mr. Bo^le has Ihewed that Air may be rarified 
** above ten Thoufand Times in Veffels of Glafs, and the Hea- 
** vcns are much emptier of Air than any Vacuum we can make 
5* below. For lince the Air is comprèffed by the "Vl^eight of the 
." incumbent Atmofphere, and the Denfity of Air îs proportional 
** to the Force cômprefîing it, it follows by Computation, that 
" at the Height of about feven Englijh Miles from the Earth, the 
** Air is four Times rareï- thaii at thé Surface of the Earth ; and 
** at the Height of 14 Miles, it is fixteen Times rarer than at 
** the Surface of the Earth, and at the Height of 21, 28, or 
" 35 Miles; it is refpeftively 64, 256, or 1024 Times rarer, 
" or thereabouts; and at the Height of 70, 14Ô, 210 Miles, it 
•* is about 1000000, 1 000000000000, of'.iooôoooooooooco 
** 0000 Times rarer, and fo on. 

■ ** Heat promotes Fluidity very much by diminilhing the T^- 

** nacity of Bodies. It makes many Bodies fluid which are not 

Vol. le *' fluid 
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fcrent Figures matched fo with the Figures of* 
the Pores, that there does not remain in them 
the leaft Vacuum ? 

Eud. The fubtile Matter being of an incon- 
ceivable Smalinefs, is extremely brittle , it is 
broken and bruifed; it puts off and aflumes all 








fluid in Cold, and increafes the Fluidity of tenacious Liquids, 
as of Oil, Balfam and Honey, and thereby decreafès their Re- 
** fiftance. But itdecreafes not the Refiftance of Water confide- 
rably, as it would do, if any confiderable Part of the Refiftance 
of Water arofe from the Attrition or Tenacity of its Parts. 
And therefore the Refiftance arifes principally and almoil 
entirely from the Vis inertia of its Matter; and by Confe- 
quence, if the Heavens were as denfe as Water, they would 
** not have much lefs Refifhnce than Water; if ais denfe asQuick- 
filver, they would not have much lefs Refiftance than Quick- 
fijver ; if abiblutely denfe, or full of Matter, without any Va- 
cuum ^ let the Matter be never fo fubtile and fluid, they would 
have a greater Refiftance than Quickfilver. A folid Globe in 
** fuch a Medium would lofc above half its Motion in moving 
** three Times the Length of its Diameter ; and a Globe not for 
" lid (fuch as are the Planets) would be retarded fooner. And 
** therefore to make Way for the regular and lafting Motions of 
" the Planets and Comets, it's neceffary to empty the Heavens 
** of all Matter, except perhaps fome very thin Vapours, Steams or 
" EfHuvia, arifing from the Atmolpheres of the Earth, Planets and 
*' Comets, and from fuch an exceedingly rare aetherial Me^aium as 
is defcribed in p. 323. l^ewt. Opt, A denfe Fluid can be of 
noUfe for explaining thePhaenomena of Nature, the Motions of 
the Comets and Planets being better explained without it. It 
** ferves only to difturb and retard the Motions of thofe grcîU 
** Bodies, and make the Frame of Nature languifh : And in thé 
** Pores of Bodies, it ferves only to ftop the vibrating Motions of 
" their Parts, wherein their Heat and Aélivity confifls. And as it 
** is of noUfe, and hinders the Operations of Nature, and makes, 
her languifh, fo there is no Evidence for its Exiftence, and 
therefore it ought to be rejefted. And if it be rejedled, the 
Hypothefes that Light confifls in PrefTion or Motion propaga- 
*'. gated through fuch a Medium, are rejefted with it". New- 
tori's Opticksy' p, 341. Ssq\ 

Manner 
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Manner oF Figures with an incredible Facility j 
and fince Water takes iinmediately the Figure 
pf a Veffel, round or fquare, you ought not to 
be furprized that the fubtile Matter, whofe Par- 
ticles are infinitely more minute than thofe of 
Water, fhould accommodate itfelf perfeûly to 
the Figure of the Pores; and cxadly clofe up 
all thofe fmall Vacuums which you are fo much 
iafraid of feeing filled up. 

./fny?. There is a Neceffity, Eudoxus^ at 
what Rate foever, that you agree with me con- 
cerning thofe fmall Vacuums^ or I will force 
you to acknowledge much greater ones in 
Nature. 

End. By Virhat Means will yoii force me to 
that? 

Arijl. By the Rarefadion and Conderifation. 
of Bodies. For how does Bread fwell ? How 
is Milk inflated fo ftrangely when it comes to 
boil, unlefs its Particles arc feparatedj removed 
from one another , and leave Interftices and 
Vacuums^ much greater than thofe, which in 
Spite ojf me , you endeavour to fill up with 
your fubtile Matter ? 

Eud. Rarefadlionûs an Adion by which a 
Body augments its Bulk, without augmenting 
its Mafs, or which makes the fanrè Body pre- 
cifely that, appeared undier a certain Bulk, to 
appear under a greater t But is it not fufficient 
for that, that the fubtile Matter; or fome fine 
Air, fill up, extend and enlarge the Pores, as 
M. Defcartes believed after Arijiotk? Bread 

È 2 which 
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which is baked, fwells, and is inflated; Mifk 
which boils, is extended, afcends, and fills the 
Veflel ; becaufe the litde Corpufcles of Ifire, 
whofe Agitation produces Heat, penetrate the 
Bread and Milk, infirjuate themfelves fuccet- 
fively into their Pores, fill them up, and dilate 
them fo much the more , as the Air which 
they meet with in them is extremely dilated 5 
and thus your great Vacuities are filled up. 

Ariji. For to fill them, you dilate the Air 
ftrangely ; but upon what Principle ? 

Eud. This is what Experience proves un- 
' anfwerably, that Heat ofi:en gives the Air 200 
Timeç more Extenfion than it had in its natu- 
ral State. 

AriJl. If the Air is extended fo prodigious- 
ly, it has then Vacuities^ liot fmall , but very 
large? 

Eud, In Proportion as the Extremities of* the 
Air are removed from one another in Rarefâ- 

r 

aion, the fubtile Matter, the aetherial Matter^ 
the asthèr, the celeftial Matter, (give it what 
Name you pleafe) fills up that Space which 
feparates them. Therefore there is no Vacui- 
ty, neither fmall nor great. 

Arift. Condenfation at leaft fuppbfes there 
are fome. 

Eud. What is Côndénfatîoh ? It is that Afti- 
oti which makes a Body diminifli in Bulk, but 
not in Mafs ; or which makèâ the fame Body ^ 
feeiti to poflefs lefs Space than it did^ without 
lofîng ought of its proper Matter. But Com- 

preffion 
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preiSon expels /the Air or fubcile Matter out 
of it ; at the fame Time the ^Ejctremities of the 
Pores approach one another: And thus a Body 
is condeniçd vikhom.z Facuum. 

Arift. Would you then explain without a 
Vacuum whatever is moft furprizing in the E- 
olipile (a) Fig. 2 ? ^ 

End. The Eolipile is a fort of Veflfel com*- 
monly made of Brafs, in the Form of a Pear, 
having in the (harp End a fmall crooked Pipe. 
At firft they fet the Eolipile upon a quick Fire : 
The fmall Corpufçles of Fire, which iniinuate 
themfelves through the Pores of the Brais, di- 
late the internal Air by their violent Agitati- 
on^ drive it out likewife, at leaft in Part^ 
thrpugh the fmall Pipe, and take its Place. 
Then they take off the Eolipjle from the Fire. 
You put the End of the little Pipe into Spirit 
of Winp. ' The Cprpufcles of Fire that are 
moft agitated feek fome Vent ; they find it in 
tjie Pqrps through which they entered» and 
thea ifTue out. The dilated Air is cooled and 
contraâed. Hence the Spirit of Wine being 
puihçd forward by çhe external Air, and find- 
ing little pbftruâion in the Content of the ^ / 
Veflel, where every Thing eafily gives Way, / 
llows into it proportionally as the Air is coa- 
traâed, and as the Corpufcles of Fire ifilie out. . 
Finally the Eolipile is fet again upon a quick ' \ 
Fire. The Corpufcles of Fire penetrate it, in- \ 
finuate themfelves into thç Pores of the dila- 
ted Liquor, and dilate them, by dilating the 
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Air which they encounter: The Liquor being 
dilated, and not finding Space enough in the. 
Eolipile, is forced out abundantly through a 
very narrow Tube j it fpouts out. Put a 
lighted Wax-Candle to it, and the Liquor 
catches Fire , and you behold with Aftonifh- 
ment a Spout of Fire that is darted into the 
Aif, and its falling down again prefents to the 
Eyes à burning Shower. ^ This is the fineft 
Effedt of the Eolipile. What Appearance of 
a Vacuum do you fee in it ?" 

Arijl. But what fignifies it to fill every 
Thing with fubtile Matter or imperceptible; 
Bodies, if you muft ihdifpenfably acknowledge 
Thoufands of Ihterftices, or empty Paflages in 
jfome Part or other ? Now this you muft do!; 
and you go about it like ^ true Philofopher, 
that. is to fay, with a good Grace. For the 
Voice, with which this Room has refounded 
ever fince our CoriverÊttion, ought to penetrate, 
and perhaps prove troublefbme ^ ' in the next 
Room: How does it penetrate thither, if the 
Wall does not afford it a Thoiifand ahd a 
Thoufand free PafTagesj and how are thofe 

Paffages free, if they are not empty ? ' 

• - ,' .... 

r 

• Inter fepfa meant "voces y & claufa domorum, 

^ranjvolitant 

- EJi'igitur nimirum quod ratione fagact 
^arimuSy admixtum rebus ijuod inane VO" 
' camus. 

Thus 


Coneerntng a Vacuum. 5 5 

•Thus Lucretius reafbns. You will not hold 
it out againft thofe Verfes ; the Tafle of Truth 
has not made you lofe the Tafte of Poetry ; 
you love Verfes becaufe they adorn the 
Truth. 

Eud. The Truth is rarely found adorned by 
the Verfes or elegant Latin of Lucretius. He 
might fay as he pleafed , that the Voice has 
no other Way but to make Vacuities in order 
to pafe into the Neighbourhood: it is fuffici- 
ent that the Air, which fills the Cracks and 
Pores of the Wall , communicates both with 
that which we breathe, and that of the adja- 
cent Room. The Particles of this Air fuc- 
ceffively carry the Voice to another Place, and 
• report our philofbphical Difputes. 

jiiriji. Fill a Glafs Tube of 36 Inches, or 
an 100, if youpleafe, with Quickfilver; turn 
it into a Veflel already full of Quickfilver ; 
that in the Tube defcends, and flops, as of it- 
felf and of Choice, at the Height of 27 or 28 
Inches. In a Pump the Water afcends and 
follows the Pifton to the Height of 3 2 Foot, 
or thereabouts ; then it flops, and lets the Pi- 
fton afccnd alone as long as you will. What 
is it which fills up that Plgce which the Quick- 
filver and Piflon leave? You would not have 
finall Vacuities provided by Nature For letting 
the Voice pafe ; lo, here is one of more than 
50 Inches ; what fay I ? of 50 Foot at lead. 

Eud. The fubtile Matter is always ready to 
fijcceed the Quickfilver. From the Time it 

E 4 defcends 
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defcends, the fubtile Matter flips through thft 
Pores of the Glafs, and feizes the free JPlace' inj 
order to tranfmit the Light to our Eyes; and 
the fame Reafon determines it to get into the 
Place forfaken by the Pifton, the Moment that 
the Water ceafes to follow it. 

^rifi. I forefaw your Anïwer ; and muft in- 
deed, foon or late, think as you do. You have 
nothing to do but fpeaL The fubtile Matter 
comes from all Parts to fécond you, and leaves 
me nothing to reply. 

Eud. You fee, Arijlus, as well as I, that a 
Vacuum is good for nothing. But the Motion 
of Bodies is a Source of curious and ufeful E- 
ventsj Motion is the moll fertile Property of 
Bodies. Motion carries Life into all the Parts 
of our Body; it makes the Light fhine in our 
Eyes, fertilizes the Earth, covers it with Plants 
and Flowers, loads the Treeâ with Fruit, and 
makes the Sweetnefs and Charms of Spring 
fucceed the Severities qf Winter. Motion does 
in fome Sort animate the World. Without 
Motion no more Commerce among Men, no 
more publick Shows, Paris would grow dull, 
every Thing languifli, and the Univerfe be- 
come a-formlefs Chaos. But Motion, that is 
fo neceflary and produâive of Wonders, has 
its ElTence, Properties and Rules: Without 
knowing them, we can know little of Nature^ 
Nature is unveiled, whenever we know them. 
Let us meditate upon them for fome Time, 
and whenever you pleafe we will communicate* 

our 
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pur Sentiments upon this Head to one another. 
Let us meet in the great Walk of the Tuille^ 
ries to Morrow at five a Clock in the Evening, 
Sometiihes Philofophy takes Pleafure in the 
Beau-monde; it difcôvçfs the Truth even in 
the very midft of thofe who are amufed with 
Lies. 

jirijl. I (hall repair to this new Lyceum ; e- 
very Thing invites me thither, the Company, 
the Beauty of the Place; and the Charms of 
fo fine a Walk cannot fail to afford you a true 
Idea of Motion, 
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End. A ^'- I ^lïi overjoyed to find you at 
j[\ the Place of Appointment. The 
Parterre, the Flowers, the Statues , wherein 
Art rivals Nature, thofe Marbles almoft ani- 
mated, nor any Thing elfe could detain me 
longer, as foon as I faw you appear. You was 
walking there in a philofophical Manner, and 
with an Air fomewhat penfive. Did your 
Walk give you any agreeable Idea of Mo- 
tion ? 

Jrijl. 
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jArift. Nothing feems mcnrc clear at firft 
than the. Idea of Motion , and yet nothing is 
more obfcure when one comes to fearch tho- 
roughly into it. When I fee the Motion of 
thofe People, who upon the Terr^fe calnily 
enjoy the Pleafures of walking without Philo- 
fophy, I imaigine I have caught the Idea of 
Motion 5 I fancy I fee it in the fucceffi ve Cor- 
refpondence of my Body to thofe feveral Trees, 
, or in the different Degrees of Diftance it ha$ 
with Mneas znd. Scipto"^; but whenever I en- 
deavour to examine this Idea, it either efcapes 
me, or becomes obfcured. It is loft in real 
Difficulties, or in thofe Phantoms of Difficul- 
ties which the Mind often frames to îtfeîf for 
no other Reafon, than to torment itfelf to no 
Purpofe. 

EuJ. Some diftinguifhed Genius's have talk- 
ed all their Life Time of Motion, without 
knowing it, or having any true Idea of it. 

^iji. Pray, Eudoxus , explain to me the 
Idea you have conceived of it, and by the 
Light of yours, mine may be cleared up. Do 
you believe with M. DefcarteSj that Motion is 
precifely the paffing of one Body from the Vi- 
cinity of thofe with vsrhich it is immediately 
furrounded, into the Neighbourhood of fonac 
others? 

Eud. No ; I cannot perfuade my felf that 
the Axle-tree of a Poft-Chaife, which is con- 

^ Two Sfc\tues placed at the End of the great Alley. 

ftantly 
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ftantly fixed in the Nave that immediately 
puches it, can go fo fwiftly, without Motion, 
from Tarh to Verfailles. A Man who Ihould 
go round the Earth in the fame Cloaths, would 
do it without moving from home. M. Def- 
cartes was probably in a laughing Humour, 
when he fâid that the Earth carried rapidly a- 
bouf the Sun in a Vortex of 22therial Matter 
would not move round ||. 

Arijl. Do you think you can find Motion 
in the fuccemve Correfpondence of one Body 
io divers others? 

Eud. I believe not; for from the Beginning 
of our Walk, I fee in thefe two double Rou^ 
of Chefnut-trees a fucceffive Correfpondence 
to divers Bodies : Have they therefore the more 
Motion ? Not at all J unlefs that while we walk 
on gravely, they advance with a majeftick and 
imperceptible Pace ; unlefs they are upon the 
Walk themfelves ; and unlefs Fame « be co- 
ming to meet us, proportionally as we ad- 
vance towards Fame. 

j4rijl. I don't believe that Fame is in any 
Hafte to find me out ; one has but little Em- 
ployment for her, when one is only feeking af- 
ter the Truth. But pray, when we approach 
towards Fame, there are new Relations of Di- 


J I an^ apt to believe the Reafon why Des Cartes gave fuch an ' 
an^iguous De£nicion of Motion was» that remembring Galileos 
being put into the Inquiiltion for aÛertiiig the Revolution (Â the 
Earthy he was willing to avoid the fame cruel Fate. 

». A Statue. 

(lance 
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ilance between us; dp thefe new Relation^ make 
any Species of Motion? 

Eud. When we advance towards the Statue 
pf Famç, the Louvre and Paris have new Re- 
lations of Diftance with us , and yet are not 
the more moved in the leaft; it is not veryne-r 
ceflary that the Impreffion of our philofophir 
cal Walk fhould fet all the Statues of the Tuil- 
leries a moving, and fp,re§d itfejf a|l pver 
Paris. 

Arijl. But in Proportion es we adyjince, the 
Louvre and Paris are farther diftant from uç j 
and in the Separation and Removal of Bodies 
Motion is Reciprocal, according to the Judg- 
ment of M. Defcartes. 

Eud. I fhould have been as well plestfed if 
Defcartes had faid that the'Swallow, which re- 
pofes itfeif upon the Cock of St. Genevieve^ 
whofe Church contains the Ailles of that 
great Man, could not fly away but that the 
Cock muft fly with» it. 

Ariji. Tell me then, I pray, what the Mo- 
tion of a Body is * ? 

Eud. 


Motion is a Tranflation from one Place to another j^late, or 
a continual Change of Place, Evciy Body has an Idea of it; 
and Philofophers have in vain laboured to find a Deiinitbn of 
the fimple Idea, and proved with a great deal of Pains, that 
one may come to be ignorant of a Thing which otherwife 
every Body knows. 

" Place is the Space taken up by a Body : of which may be faid, 
what has juft been faid concerning Motion. It is Twofold ; 
** True or Abfilute, and Relative. 

" Défini' 
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Eud. It is an adlive Change of Situation in 
Relation to fome Body confidered as if it had 
only Exiftence. By this aftive Change I un- 
derftand the AfTemblage of a Body, of divers 
Relations of Diftance which it acquires fuccef- 
lively, and of an adtual Force received into it. 


" Definition i . Trae Place is that Part of immoveable Space, 

** which a Body takes up. 

Dsfin. 2. Relative Place, which only can ybe diftinguiihed 
by our Senfes, is the Situation of a Body in Refpe^ tf other 

*' Bodies, 

True Place is often changed whilft Relative Place is not, 

" and fo reciprocally. Whence arifcs a true and abfolute Moti- 
on, and another Sort called a Relative Motion. Whilft a Bo- 
dy moves, Time goes on. 

Time allb is Twofold ; l^rue or Abjolute^ and Relative. 

** ^rue Time has no Relation to the Motion of Bodies, nor to 
the Succeifion of Ideas in an intelligent Being, but by its Na- 
, ture it always flows equally. 

Definy 5. Relative Time // Part of the true Time meafured 
by the Motion of Bodies % and this is the only Time that our 
Senfes perceive. 

All Motion may become fwifter, as likewife a Body may 
move flower than it did before ; and it is very likely that 
there is no Motion of Bodies wholly equable ; whence it fol- 
lows that relative Time differs from true Time, which never 

** flows fafter nor flower. 

Defin. 4. nât AffeBion of Motion y by ttfhich a Body runs thrâ 

a certain Space in a certain Ttme is called Celerity or Velocity, 

which is greater or leis according to the Bignefs of that Sface^ t» 

which it is always proportional. 

De fin, 5. The greater Force is imprefl!cd upon a Body to make 

it change its Place, the greater is its Motion; and that Force is 

called the ^antity or Momentum of Motion. 

Defin. 6. The Direftion of Motion, is in a right Line^^ which 

toe fuppofe drawn towards the Place where the moving Body tends, 
Defin, 7. A Power is any Force aûing upon a Body to move 

it. 

Defin,^. The greatnefe of that Force is callçd, the Intenfity of 

the Power, Vide Gravefande's Elements, c. 6. 

and 
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and which alone can give it thofe différent Re- 
lations. Now Motion is a Conjunâion of thofe 
three Things, I can difcern them all three 
cxadlly in the Motion of my walking. 

I. I there fee a Body> fince this Motion i$^ 
the Mode of a Body moved, and the Mode 
of a Body is nothing but a Body modified. 

2. This Motion implies divers fucceflive Rela- 
tions of Diftance : For when I fit down, no 
one will pretend to fay that I advance toward 
Mneas or Scipio ; becaufe no fucceflive Rela- 
lations of Diftance are perceived between us. 

3. This Motion implies an actual Force, re- 
ceived into the Body moved, which is called 
the moving Forcé; for the -different and fuc- 
cefîîve Relations of Diftance alone, with thefe 
Trees for Example, or with any Statues, are 
not Motion, unlefs thefe Trees and the Statues 
of Apollo^ Diana and Orpheus^ which have 
every Moment divers Relations of Diftance, 
and which are fometimes nearer to us and 
ibmetimes farther from us, walk along with 
us. There is nothing more that offers in the 
Motion of my Walk. Therefore Motion is 
an aâive Change of Situation, Gfr. 

Whenever Bodies contained in the World 
change their Situation , they pafs , they are 
carried from one Point to another in this vaft 
Space ; for which Reafon thefe Terms, A paj^ 
Jing or Carriage from one Place to another ^ may 
be ufed, as they are, and we fhall ufe them, 
likewife in order to cxprcfe the Motion of 
thofe Bodies. - Arijl. 


» 
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Ariji. The Lady who rides in her Coach o- 
ver againft us in the Elyjian Fieldiy does not 
then move, fince (he acquires no new Diftances 
with refpeét to her Coach» 

Eudox. Motion is relative. She does not 
move with refpe<5t to her Coach, but moves 
as her Coach does with 'refped: to us and this 
^uilleries. 

AriJi. Can a Boat move upon the Setft^ 
that is equally driven toward Paris and to- 
ward Cbaillot by the oppofite Forces of the ^ 
Wind and Water ? 

Eudox. No. 

AriJi. Neverthelefs it would have new Re- 
lations of Diftance with the Air and Water 
every Moment. 

Eudox. True : But then thefe would be on- 
ly external Relations, and not produced pre- 
cifely by Virtue of any Force received into 
the Subftance of the Boat itfelf. 

AriJi. Suppofe a Man fhould walk upon 
the Boat from Eaft to Weft, with a Velocity 
equal to that which carries the Boat from 
Weft to Eaft. 

Eudox. This Man moves really with refpeft 
to the Boat, becaufe by an adlual Force pre- 
cifely which he receives or finds within him- 
iëlf, he acquires different fuccefîîve Diflance 
with refpeâ to the different Parts of the 
Boat. 

AriJl. Thefe fuccefîîve Relations are they 
neccfîàry to Motion ? Suppofe that the Hand 

of 


6a Conversation VI. 

i 

of God fliould make the Univerfe turn round 
upon its Center, and .that all the Parts of the 
Univerfe keep the fame Relations of Diflance 
among themfelves: The Univerfe would then 
be in Motion without acquiring any new Re- 
lations of Diftance, feeing there is no Body at 
all beyond the Bounds of the Univerfe. 

Eudox. I. At prefent we have to do with 
the Motion of particular Bodies only, and not 
with thé Motion of the whole World ; arid 
thia^Hypothefis is good for nothing but to throw 
into the Mind vain Appearances of Difficul- 
ties. 2. According to this Suppofition I ima- 
gine the Univerfe would move round, and not 
move ; fince it would have no new Relations 
of Diflance. 

Arift. One Hypothefis more, Eudoxus, and 
do not lofe all Patience. There is need of 
Courage and Conflancy, when one undertake^ 
to inflrua others. One Word only, and I 
yield. There are two Balls at once created 
out of this World, and fituated fo that in the 
firfl Inflant you may put betwixt them a 
third Ball of a Foot diameter , which yoU 
cannot do in the Second : Do you obferve any 
Motion there ? 

Eudox. Why fhould I not ? I fee new Re- 
lations of Diflance produced by Virtue of a 
moving Power, received at leafl into one of 
the two Balls. 

Arifl. Which of the two is moved ? 

Eudox. That only which receives the nio* 

ving 
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ying Power j but both^ if die moving Power 
oe divided betwix;t them. 

^nfi. I think at laft I conceive the Nature 
of Motion in general : . I go into your Senti- 
ment, Eudoxus'y ^therein I find wnere with to 
refoive my DoubtSa, and to extricate myfelf 
from the trifling Cavils which an exceflive 
Subtlety might raifc., , ^ . 

. Eudox., Yery ^ood ! l^et us now then define 
the feveral Kinds of Motion. 
, Arifi. As for the feyeral Kinds of Motion, 
I am able to define them. I apprehend wnat 
iVIotion is ftraight or crooked, perpendicular, 
oblique, horizontal, circular, elliptic, para- 
bolical, proper, common^ fimple, compound, 
aireeh Ùc. 

I. JVlotion is ftraight, crooked,, perpendicu- 
lar, oblique, G?r. according to the Line which 
it defcribes. Should it defcrlbe a ilraight Line* 
ît is ftraight. Should it defcribe a crooked 
Line, it is crooked, Gfr. ^ The Motion of this 
jet aEau^ which inclines neither to one Side 
nor the other, and s^hofe Waters fall back up- 
on themfelves, ,is ftraight and perpendicular. 
The Bullet would go from this rlace with an 
oblique Motion in Search of the Turtle perch- 
ed upon the Top of that Tree at twenty Paces 
diftance from us. It would go in an horizon- 
tal Motion to ftrike that Partridge which files 
cff at about the Height of the Sportman^s Eye. 
We walk from one end df this Alley to ano- 
ther in a Motion horizontal, or parallel to the 

Vol. L F Horizon. 
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Horizon, Turn round a Circle, or round the 
Star \ and the Motion will be circular. Make 
a Tour exaélly round a Ship, 'tis an elliptick 
Motion^ The Caft of a Bomb is parabolical. 
Turn round a Point always moving propor- 
tionally from it, and this will be a fpiral Mo- 
rion. *Tis by this Motion the Snake encom- 
paffes its Head with the Folds of its Body. 
• 2. Proper Morion is the particular Motio;i 
of a Body ; common Motion carries forward 
feveral Bodies at once. Every one of thofc 
Horfes in that Coach has his proper Motion; 
but the Motion of the Coach and of the Per- 
fons who pafs in it along the Sein, is a com- 
mon Motion, Thefe are two Motions which 
are no Way contrary : For while a Coach goes 
from Paris toward the Elyjian-Fieldsy a Fly 
walks at Liberty upon the Roof of it from the 
Elyjian Fields toward Paris. Thus upon a 
VcfTel tinder full Sail, one may walk with the 
fame Eafc^ from Prow to Stern, as from Stern 
to Prow. 

3. Direâ Motion is that which proceeds 
immediately from the Caufe of Motion ; re- 
flefted Motion, or Reflexion, is a Motion 
AVhereby a Body recoyls upon encountering an- 
other. The Motion of Refraftion, or Refra- ' 
Aion, is a Motion by which a Body leaves the 
direft Line in paffing from one Meditrai into 
another, for Example from the Air intoWa- 

' « A "Walt near lYti'EhJîan Fields. 
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ter 5 I throw % Stoné^ obliquely upon the Sur- 
face of the ^ein ; this is a direâ Motion : The 
little Stone recoils toward the other Bank ; 
this is a Motion of Reflexion. Shoot off a 
Gun into the Water the Ball penetrates, but 
iquitting the ftrait Line; this is a Motion of 
Rcfraâioa 

4. Should the Motion proceed but from 
one Caufe, and be direifted but to one Pointi 
it will be a ûmple Motion. Should it proceed 
frotn feyecal Impreffions, eadiin particular ca-- 
pable of giving it a Direâion, then it would 
DC compounded. The Motion of an Arrow 
which ihould go in à perpendicular Line to 
pierce that Bird which hovers in the Air^ 
Would be fîmple ; but the Motion of your Bil- 
liard-Bally when it goes to hazard mine^ is 
compounded of a ilrait Motion which you give 
it, and of a Motion circular and upon its own 
Center, which is given it by the Inequalities of 
the Plane. Every Wheel of this Coach, the 
Splendour whereof is a Trophic of Vanity, 
unites two Motions in one compound Motion, 
the one circular which the Refinance of the 
uneven Pavement gives it, and the other ho- 
rizontal which proceeds from the Horfes, and 
makes it advance with fo much Velocity and 
Noife. 

5. They call that a perpetual Motion whofe 
Produdion fhould be the EfFedt of Art, and 
which fhould no longer need the Afliftance of 
Art to be perpetuated j fuch v^ould be the Mo-i 

F z 'tioa 
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tion of a Watch whofc Spring would unbend 
and bend again, and mark out the Hours 
without any one's touching it. I leave you 
the Care of finding out this Motion. All the 
Philofophers are ready to pay to you their Tri- 
bute of Praifes; and the Dutch^ faithful in 
Jceeping their Promifes, will be forward to be- 
ftow on you a Share • of that Wealth which 
they go to fcek for in the Indies.. 

Eudox. I chufe rather to repofe my felf, 
than lofe Time in fearching for it 5 let us fit 
down and difpofe our felves to difcourfe of the 
Properties which are to be met with in the 
difierent Kinds of Motion, 

Arijl. Come then let us feat our felves, up- 
on Condition that during the Time of our Re- 
pofe you will tell me in one Word what is 
Time and Reft. I own that when I afk what 
Time and Reft is, I think I know them 5 but 
if any Perfon fliould afk me, I have then no 
longer any Knowledge of them. 

Eudox. Time is the fucceflivc Duration of 
Things created and changeable ; let me exa- 
tnine into the Idea of Time never fo much, 
this is all it prcfents to the Mind. The Parts 
of this fucceffive Duration are Moments, 
quarters of Hours, half Hours, Hours, Days, 
Months, Years, (Sc. 

As for Reft, it is the continual Prefervation 
of the fame Relations of Diftance with the 
fame Parts of Extenfion. Hence two Sorts of 
Reft, the one abfolute, and the other relative. 

R«lativ« 
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Relative Reft is precifely the continual Pre- 
fervation of the fame Relations of Diftance 
with .certain Parts of Extenfion. Thus rela- 
tive Reft does not in the leaft exclude Motion ; 
a Man who ileeps foundly in a Veflël is in rela- 
tive Reft with refpeét to the Veffel, becaufe he . 
preferves the fame Relations of Diftance with 
the Parts of the VeflcU but he is in real Mo- 
tion in regard of a thoufand other Bodies» 
with which he acquires new Relations of Di- 
ftance by the fole Virtue of a moving Power 
which he receivcjSi in himfelf. What is ab^ 
folute Reft ? It is the continual Prefervation of. 
the fame Relations of Diftance without a Pow- 
er whofe Efficacy -alone can give new Relati- 
tions. Is there any abfolute Reft in the Uni- 
vcrfe } There is nothing that dempnftrates it ; 
fpr the imperceptible Parts of Bodies, which 
we look upon as Bodies in reft, may be in real 
Motion. 

But, Arijlm^ my dear Arijîm^ I fee an Im- 
pertinent who comes diredly up to us to di- 
fturb and interrupt our Converfation ; I am un- 
der a Neceflity of hearing him, and fpeaking 
a Word tp him in private. Farewell ; to 
Morrow at the fame Hour, and in this fame 
Place, we will examine the Properties of Mo- 
tion, 
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Upon the properties of Motion- 

Ariji. T Muft acknowledge, Eudoxus^ it i$ 
J[ much eafier to walk than to com- 
prehend vrell what walking is. One often 
Walks without knowing what one does. 
I admire the Tranquillity of thofe^ People 
whom I fee tafting the Heafures of walking 
without any Solicitude about the Nature ant 
Properties of their • Motions ; tho* I no wife 
envy them. The Pleafure of conceiving what 
walking is, has ibriiething in it more agreea- 
ble than the Pleafvire of walking itfclf. 
Thanks to your Iniftrudions I know pretty well 
the Nature of Motion in general, and of the 
feveral Kinds of it: But what Method will 
you take to unfold i(s eflential Properties ? Do 
k I befcech you, as precifely as you can. I wilt 
liften {to you, without interrupting you. \ 
iind more Satisfaction in hearing you than in 
Ipeaking my felf When I hear you, I ima- 
gine I am liftening to Reafon itfelf. 

Eudox. Let us lay aiide all Complements ; 
they are very feldom accompanied with Truth, 

All Bodies, Arijlus^ that are moved, ad- 
vance 
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vance towards one Place, rather than, another. 
They do not advance without running through 
fome Space in a certain Time. They do not 
run through this Space without having fooïç 
Force diffufed through all their Parts, in opr 
der to overcome all Obftacles. Hence there 
are three eflential Properties of Motion, the 
Determination, Celerity and Qijantity. 

I. What is the Determination of Motion? 
It is the Direcftion of Motion towards one Side 
rather than another i for Exatpple, toward the 
Invalids , rather than the Place des Vicaires ; 
toward Parisy rather than St. Cloud; toward 
the Eaft , rather than the Weft. There are 
two Sorts of Determinations, the one Simple, 
the other Compound. The firft proceeds but 
from one Caufe, from one fingle Imprcffion, 
which dircâ:s the Body towards one particular 
Place : The other from fcveral, capable of dw 
reâing it towards different. Places. The Di- 
rection which my Soul gives my Body towards 
jîpolloj P rather than towards Diana \ is a Am- 
ple Determination or Direâion. When you 
^afs over the Sein obliquely from the ^atre 
' Nations to the Louvre^ the Boat receives from 
the Rowers and the Water two Impreffions, 
for the following two Lines, which would 
make a ^uare : The Impreffion of the Row* 
crs carries it toward the Point of the other 
Bank direétly oppofite ; thç Impreffion of the 

fl Sutues. 

F 4 Water 


71 CONVERSAiriON VII. 

Water toward the Pont-Rcyal, according to 
the Current of the Water itfelf. The Boat 
yields, in fome Meafurc, to the two Impreffi- 
ens, takes the middle Courfe , and gains thte 
Bank in an obliique Line ; and this Determina- 
tion or Diredion is compounded. ■ 

2. What is the Velocity of Motion? It is 
the Relation of the Motion both to the Length 
of Time, and of the Space run through in a 
certain Time; the Velocity anfwers to the 
Length of Time and Space. 'Why do they 
term the Celerity of a Thunderbolt immehfe ? 
Becaufe it comes inftantly from the Cloiid to 
ftrike the Head of a Criminal. ' ' 

There are two Sorts of Velocity; the one 
abfolute, the other relative. ' Abfolute Veloci- 
ty is the Celerity of a Body confidered* without 
Relat^on^ to any other. Relative Velocity is 
the Celerity of one Body confidered with Rela- 
tion to fome other. The Velocity of my Pace, 
confidered precifely as the Velocity of toy Pace, 
is abfolute Velocity ; but the Velocity of my 
Pace, confidered as exceeding yours, and un- 
politely leaving you behind, is a relative Veloci*. 
ty. Would you meafure Velocity, whether 
abfolute or relative ? Have no Regard either to 
the Mafs or the Bulk. The Mafe^ or Quanti- 
ty, is the Colleâion of folid Parts, which com- 
pofe the Body; the Bulk* is the apparent 
Extent of thofe Parts. The Celerity is nei»^ 
ther meafured by the CoUedion of folid Parts, 
nor by the Extent which flrikes the Senfes. 
^ '' ' » This 
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* 

This Perfon here out of Breath, who is fcarce- 
ly able • to bear himfelf along, fo much Mafs 
and Bulk has he, (hews more of it to Appe^- 
ance than any Body ; does he move then with 
the greater Celerity ? 

* By what then is the Velocity meafured? By 
the'Length of Time, and of the Space run 
through. Divide, as you pleafe, the Length 
of this Space into feveral Parts; into Points, 
Inches, or Feet which are called Degrees: 
The Degrees run through in a certain Time, 
exprefs the Degrees of the abfolute Velocity 
of a Body. 

Should two Bodies remove from one an- 
other, or advance towards one another ; add 
the Degrees of the abfolute Celerity of the one, 
to the Degrees of that of the other, and you 
tvill have in the Addition their relative Velo- 
city. Should one Body follow another with 
fome Excefs of Velocity, this fame Excefs is 
the relative Velocity of thofe Bodies. In a 
Word, 'tis by this Excefs only that they ap- 
proach nigher to one another. Should one 
Body fall in a perpendicular Line upon another, 
its relative Velocity is the fame with its abfo- 
lute. Should it fall in an oblique Line upon 
an immoveable Plane, Fig. 3. its relative Ve- 
locity is meafured not by the Length or De- 
grees of the oblique Line run through (a b)^ 
but by the Length or Degrees of the perpen- 
dicular Line (ac)^ drawn from the Point from 
which it falls, to the Plane itfelf; becaufe the 

Excefs 
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Excefs of the oblique Line above the Perpen- 
dicular is of no Service in approaching towards 
the Plane. 

3. What is the Quantity of Motion? ït is 
that Force with which it ftrikes fiodies which 
happen to encounter it. There are two Sorts 
of Quantity ; the one abfolute, the other rela- 
tive. The Firft is a Quantity confidered pre- 
cifely in itfelf ; the Second is one Quantity 
compared with another^ 

The Quantity of Motion, whether abfolute 
or relative, is equally meafured, both by the 
Mafs or Greatnefs, and the Celerity. For, ii^ 
fhort, the Quantity of Motion is the Force of 
a Body moved : And the Force of a Body mo- 
ved, is meafured equally by thofe two Things ; 
fince the fame Excefs of Mafs or Celerity, pro- 
duces the fame Exceis in the Shock. Let a 
Body of two Pounds move with the Velocity 
of four Degrees, or let a Body of four Pounds 
move with the Velocity of two Degrees, the 
Preflure is the fame in its encountering another 
l^pdy. Therefore the Quantity of Motion is 
equally meafured both by the Mafs and the 
Celerity. 

. In a Word, the Quantity of Motion is e- 
qually meafured, both by the Mafs and the 
Velocity, if the Force which carries a Body of 
two Pounds in. one Moment to a Foot Di- 
ftance, and a Force which carries a Body of 
one Pound in the fame Moment to two Foot 
Diftance , are equal Forces : But thefe are e- 

qual 
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quai Forces ; for that Force which carries a 
Body of two Pounds in one Moment to one 
Foot Diftance, is a Force which in one Mo- 
ment carries one Pound to one Foot Diftance, 
and another Pound to another : The Force 
which carries one Pound to two Foot Diftance 
in an Inftant, is a Force which in an Iriftant 
carries one Pound to one Foot Diftance, and 
the fame Pound . to another Foot : But the 
^orce which in an Inftant carries one Pound 
one Foot, and another Pound to one Foot; and 
the Force which in an Inftant carries one 
Pound to one Foot, and the i^mt Pound to 
another Foot, are equal Forces: Therefore the 
Force which in an Inftant carries a Body of 
two Pounds to one Foot diftance, and the Force 
which in an Inftant carries a Body of one 
Pound to two Foot Diftance, are equal Forces ; 
therefore the Quantity of Motion is equally 
meafured both by the Mafs and the Velocity. 
In like Manner, Experience teaches us, that in 
order to move a double Body with the fame 
Celerity, or the fame Body with a double Ce- 
lerity, we muft equally double the Forces. 

If the Queftion be to determine the relative 
Quantity of Motion, in order to that I begin 
with dividing the Velocity of two Bodies into 
equal Degrees ; then I likewife divide at Plea- 
iure the Mafs into equal Degrees or Parts, e. g. 
into Pounds. Then I multiply the Degrees of 
the Mafs of each Body by the Degrees of Ve- 
locity, or the Degrees of Velocity by the De- 
grees of the Mafs, The Produdt of each Mul- 
tiplication 
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pplication gives U5 the Quantity of the Moti- 
on of each Body. Is the Velocity of a Body 4 
JDegrees, and the Mafs 3 ? I muft multiply 4 

î^y 3> ^^ 3 ^y 4** The Produâ is i^. Anp, 
this is 12 Degrees of Motion. Is the Veloci- 
ty of the other Body 2 Degrees, and the Maj(s 
4 ? J niultiply 2 by 4, it produces 8. Thus 
I determine die Force of one Body with Re- 
Ipeâ to another, 

Arift. But I don'f yet clearly foe how the 
Produa of the Velocity by the M^fs, or pf thp 
Mafs by the Velocity^ exprefles the Quantity 
of Motion. , 

Eud. The Force or Quantity of Motion gives 
every Part of the Mafs its Velocity , equal to 
the Velocity of the Mafs in general ; finçç ia 
the fame Time every Part runs the fetme 
Length of Way as the whole Maf§. Therefore 
the Force anfwers to the Number of Part% 
and to the Velocities of the Parts , or to the 
Degrees of the Velocity of the Mafs, taken fo 
many Times as the Mafs has Parts. There- 
fore the Produit of the Velocity, multiplied 
by the Degrees of the Mafs, or the Mafs miul- 
tiplied by the Degrees of Velocity, ought to 
exprefs exaâly the Quantity of Motion, or the 
Degrees of Force, which are found in the 
Body. 

Ârifl. I perfcdly apprehend your Meaning. 
The Determination ot Motion is its Direûion 
towards one Part rather than towards another. 
The Velocity of Motion is its Relation to the 

greater 
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greater or fmaller Length, both of the Time 
and of the Space run through in that Time. 
The Quantity of Motion is its Force exprefs'd 
by the Produâ, either of the Velocity by the 
Mafs, or of the Mafs by the Velocity. 

Eud. Hence when two unequal Bodies are 
in a reciprocal i2^î//(?, that is, when the one 
has more or lefs Mafe, in Proportion as the o- 
ther has more pr lefs Celerity, they have equal 
Quantities or Forces of Motion. Are they not 
in a reciprocal Ratio? Their Powers are un- 
equal. Though I walk this Moment as flow- 
ly as you do, or have precifely the fame Celcr- 
rity that you have, yet I have more Motion 
than you, becaufe I have more Height, and 
you have a Shape more flender and thin. This 
is the general Principle of Mechanicks, a Sci- 
ence fo happy for improving Arts by the 
Knowledge and Help of Machines, efpecially 
fince the Foundation of the Royal Academy of 
Sciences. In this Principle alone you find at 
once the Knowledge of the furprizing EfFeds 
which the Curious take Pleafure to obferve in 
divers Leavers, in the Roman Ballance, Oars, 
Jacks; the Wheels of Water-Mills, the Wings 
• of Wind-Mills, the Handle of Coffee-Mills, 
the Roll of an Hand-Mill, Fig. 4, the Cape- 
ftan, Fig. 5. the Poles of Rope-Dancers, the 
Wedge, &c. 

Arijt. What Method do you take, Eudox-- 
trx, to find at once in this fingle Principle the 

Know- 
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.Knowledge of fo many ThingSj which as yet 
appear tome unintelligible? 

Eud. In a Machine I diftinguifh the Cen-^ 
ter, theDiftances, and the Weight. I^rallthe 
Center .a fixed Point, or Point of Sixfpenfion, 
the Point by which the Machine is fuppbrted^ 
ïaftened, or fufpended. I call the Diftance or 
Beam, the Line or Extent .which is found be- 
tween the fixed Point and the Extremity of the 
Machine. I call the Weight, the Forces or 
Bodies applied after fuch a Manner to divers 
Points of the Machine, that they counteraa 
one another. The common Ballance, Fig, 6. 
prefents to the Mind at firft View a Center, or 
fixed Point, or Point of Sufpenfion (a)^ Diftan- 
ces or Radii (b^ c)y and Weights (dy e). Fi^ 
nally, I call JEquilibrium^ Reft or Immobility, 

Produced by Çaufes which have a contrary 
""endency, but arc of equalJForces, and equal 
Motions. 

Two unequal Weights being fituated in a 
Machine, after fuch a Manner, that the leaft 
of them is farther diftant from the Center or 
fixed Point, in Proportion as it has lefs Big- 
fiefs, they cannot move round the Center, but 
there muft be in the leaft an Excels of Velo- 
city , equal ta the Excefs of Mafe which is 
found in the greater. The Excefs of Velocity 
anfwers to the Excefs of Diftance or Beam ; 
fince the Parts of the Beam move fo much the 
more fwiftly, the farther diftant they are from 
the Center, as is evidently feen in the Radii 
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of a Wheel; For it is evident that in thefe Ra^ 
dit J the Parts make fo much the more Way in 
a determinate Tirne, as they are. nearer to the 
Circumference, and farther diftant from the 
Axle-Tree- - 

When two unequal Bodies are in the Situ- 
ation which I juft now mentioned, they are 
faid ta be in a reciprocal Ratio of Weight and 
Diftance from the fixed Point, or of the Mafs 
and the Velocity : If a Weight of one Pound 
be two Foot diftant firom the fixed Point, orac 
the End of a Radius of two Foot, while a Bo- 
dy of two Pounds is one Foot diftant from the 
fixt Point/ or at the Extremity of a Radius of 
one Foot ; the two Bodies are in a reciprocal 
Ratio of the Weights and the Diftances from 
the fixed Point, oc of the Mafs and the Velo- 
city. 

When two unequal Bodies are in a recipro- 
cal Ratio of the Weights and the Diftances, or 
€Â the Mafs and Velocity, they are in Mquili^ 
trio: For two Bodies are in Mquilibrioj when 
they both equally refift the Effort which they 
make againft one another. But in this Situa- 
tion two unequal Bodies do both equally refift 
the Effort which they make againft one an- 
other. The Refiftance is equal to the Moti- 
on necefTary to move them; and to move them 
idiere needs an equal Force, an equal Quantity 
of Motion, fince there muft be fo much more 
Swiftnefs in the leaft, as there is more Mafs in 
the gr^ateft, and fipce the Force and Quantity 

of 
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of Motion arc equally meafured by tb<S Ve- 
locity, and the Mafs, as wc have dêmôn- 
ftrated. . . : . 

Since two unequal Bddiea are in Mqmli^rid^^ 
when they arc in a reciprocal Ratio of Weighjt 
and Diftance ; by a contrary Reafon they arc 
not in Mquilibrio^ when they are not in a rer 
ciprocal Ratio. If they are not in Mûuilibrio^^ 
that muft give Way which makes the Jeaft Re- 
fiftance, that which requires leaft Motion to 
move itj refifts lefs i therefore it ought to give 
Way, and confequently the other ought .to out- 
weigh it. 

This being granted, one ijiay immediately 
conceive the Efficacy of divers Leavers. The 
Leaver in general is a long Body, of which the 
Length only comes under Confideratiori. It 
has its fixed Point, and two Weights ; or oiic 
Weight, which is called <he Rcfiftancei and à 
Force equivalent to a Weight, which is called 
the Power, fuch as the Hand when applied to 
one End of the Leaver. If the fi;Ked Point (a) 
Fig. 7. be between the Refiftance (b), and the 
Power (c)^ it is a Leaver of the firft Species^ 
If the Refiftance be between the Power and 
the Point of Sufpenfi^on, it is a Leaver of the 
Second, Fig. 8. Thefe two Species of Leavers 
are effecStual 3 why ? Becaufe the Power both 
in the one and the other may be fufficiently 
removed from the Center or fixed Pointy in or- 
der to have an Excefs of Swiftnefs, equal or 
fuperior to the Excefs of the Greatnefs of the 

Refiftance, 
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lUfiftarice^ br irf the Weight j fince thé Véloi 
tity ànftv^ te die Length b£ i^ ttadius^ 
^ Hën& Icao nfily expiaih the Roman Bal« 
lanoe» i^^g". 9. wJiich is à Leaver of thd âtil 
SpeGieit. The l&MStffi BàHance has two une« 
qual itn^R/^ Unicef aiid fufpended by a fikëd 
Point Su^^itt dœ fmàUéft be one Idch^ atid 
thb biggâft thirteen. Om the End (^i the dcàiû^ 
hù, i faftèn a Weight of twelve Pound»; to 
^^he eieventk Indi of the greaceft I apply a^ 
Weight of one Pouadi Ths Weight yields 
tadafoiéàda^j I place it kt thé twelfth Ikchy it 
irétttàinfs /Vi' ^EywiAirro. Ï advance it tQ the; 
thirteendi Inch^ it defeends ^ and thé other 
Weight afceftds- Why ought the Wdi^ht df 
khie Pound to yield and â&end ad the eleventh 
inch> renmih in Mqûilièrjè at die twelfth, and 
outweigh and defcend at ûk thirteenth ? 

i. The Weiriit of one Pound ôu^ to 
yidd and o&end at ale 1 1 ^ Inch, if it màkeâ 
)a kfs Rcâftattce to tèie Effi>rt ai the Weight of 
ii PdUads, than die Weight of ia Pounds ta 
idle EÔbrt «f the Wei^t of one Pound t But 
k ankei lefi Refiftanceif for the Refiilanoe an- 
(Wers tb the,Fort:e ttet»g(laiy to niove it, and 
iûD mote it there tieed be c^y eleven Degrees 
pf Forcé <x Modbn, while ifi are necéââry 
for 1 2 Pdksndii Jb fiiort) whi^ thé Weight of 
in Pôniiœb ddbefids )om Indb with one t^gree 
ofVetockyi dïé We%ht of one Pow^ 
eleven Inches precifely with eleven Degrees off 
Velocity : But ia Weight of bne Pound, which 
' VoLl 1; G has 
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has only eleven Degrees of Velocity, has only 
eleven Degrees of Motion ; a Weight of 1 2 
Pounds , which has one Degree of Velocity, 
has 1 2 Degrees of Motion ; fince the Motion 
is the JProdudt of the Velocity by the Mafs, ot 
of the Mafs by the Velocity, the Produft of 1 2 
Degrees of ]Vlafs by i Degree of Velocity is 12, 
and the Produâ of 1 1 Degrees of Velocity by 
one Degree of Mafs, is but 11. Therefore 
the Weight of one Pound ought to yield, and 
afcend at the eleventh Inch. 

2. Why ought the Weight of one Pound to 
sequiponderate at the twelfth Inch? The 
Weight of one Pound ought to equiponderate, 
if its Refinance is equal to that of 12 Pounds: 
But it is equal ; for to move both the one and 
the other, the fame Quantity of Motion is ne- 
ceffary. The Weight of 12 Pounds cannot de^ 
fcend one Inch, but the Weight of one Pound 
muft afcchd 1 2 Inches j a Weight of 1 2 Pounds 
cannot defcend one Inch, nor a Weight of one 
• Pound afcend 12 Inches, without having each* 
of thepa the fame Quantity of Motion, that is 
to fay, 1 2 Degrees : Motion is equally mea-»' 
fured both by the Velocity and the Mafs, and 
qne Degree of Mafs multiplied by 12 Degrees 
of Velocity, or one Degree of Velocity multi- 
plied by 1 2 Degrees of Mafs, afford 1 2 De- ; 
grees of Motion: Therefore a Weight of one 
Pound ought to be in Mquitibrio at die twelfth' 
Inch, 
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. 3 . Why ought the Weight of one Poond to 
lâefcend, being at the thirteenth Inch? The 
Weight of one Pound ought to defcend, if the 
Weight of 1 2 Pounds muft afcend one Inch 5 
But the Weight of 1 2 Pounds muft afcend one 
Inch, for it ought to yield and afcend, if it 
refift lefs; and it does refift lefs, fince it re- 
quires leis Force to move it. In fhort, it 
moves and afcends one Inch with 12 Degrees 
of Motion,, while the other moves arid de- 
scends 13 Inches with 13 Degrees of Motion: 
For the 12 Degrees of Mafs of the one, with 
one Degree of Celerity only, make 12 Degrees 
of Motioa ; the 13 Degrees of Velocity of the 
other, with one D^egreç of Mafs, make i^ De- 
grees of Motion. Therefore the Weight of 
one Pound ought to yield, when it is at the 
11'^ Inch; to remain in JEquilibrioy when at 
the 12*5 and to outweigh, when at theij*^. 
Which was the Thing to be demonftrated. 

Ariji. Since the Efficacy of the fmallcft. 
Weight or Power, increafes in Proportion: to 
its Diftance from the fixed Point, the. înialleft. 
Weight, the leaft Power which one can ima-- 
gine, can then outweigh the Refiftance of the 
greaceft Weight ? 

Eud. I require no more, with Archimedes^. 
than a fixed Point without the World, and a 
Leaver of a certain Stiifnefs and Length, and I 
will tranfport the Univerfe at Pleafure into th^ 
imaginary Spaces. A Child would be able to- 
do 
G 2 
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do it by lightly touching the Ijeaver With thé 
End of his Finger. 

Arijl. I am not furprized that ScîfTàrs cut 
better near the I^ivet than . toward thé Poirit. 
Sciflars are two Leavers of the firff Species^ 
faftened by a Rivet, which is a fixed Point» o^ 
common Center ; and the nearer the Refiftancc 
is to thé Point of Sufôerifion, the more eafily 
it ought to yield; The Efficacy of Pincers 
proceeds from thfe failnè Principle ; 'ixÂ I un- 
derftand why, when i^ith Pihterè I JaV hold 
of a Ix)g toward one <^i its Ends, it rifes âîid 
obeys with more Difficulty^ than When 1 laj^ 
hold on it by the Middle. ' When I lay hold 
of it by the End, the other End has fb much 
thfe more Force to refift, as it is moi-e reûiote 
from the Pincers, and from the Pbint of Stif- 
penfion. But let us fée the Ufe bf yotti* Prih-t 
ciple in fome Leavers di the fecbdd S^clefe. 
^ End. The Oar, Whith makes thîi Boat pàÊ 
up toward the 'Pont tto)alj is one. Thé Pow- 
er is the Hand applied towards thfe other Ex- 
tremity of the Oar Î the Weight Cfir Rèfîftahce 
is the Boat and its Lading, àttach'd tb the Oài' 
between the Power and the fixed Poirit 'the 
Hand or Power has ib much more Advantage 
above the Weight, as it is hiorë remote frctai 
the fixed Point, or die Water, thah the Weight 
itfelf. 

Ariji. But die Rower's Fèét drivé thfe Bbaé 
back with as great an Effort, âà^ thé Hand 
makes to carry it forward» Therefore th« 

Boac 
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j^jC Oiyight ]tp be immoveable^ at leaf): in ftand- 
JOgW^ater. 

JS»^. 'The Force of x^xe Hand ought to pre- 
y;3iU over that of the Feet^ u the Force of the 
Hand he jxxp^ farther jemoved from the fixr 
ed roint : Bat it is much far,ther removed from 
}L T/j)^ ^ïct Point is in tlje Water, the Hand 
jjs at .tneptljer End oftlie Qar, and the Force 
pf iiie feet awaking g .|)art of jche Weight or 
Renftjince is, tog^ether with the Weight or Rer 
j^ftance toward th/e Pqint gf R^ft, united ii) 
jhe Poi^ of the Oar where it is attach 'd to 
the Boat ; therefore the Force of the Oar muft 
pfey^il over that of the Rçwer's Feet. And 
at is this Excels of Fofce which makes the 
3oat advarncp, and, coijirary to the Current of 
^e W^tcf, (Cf try Gaipes and Diverfions toward 
j^e charmirig ManfioQS of Berct^ Confiam and 

Aift. I comprehend why the Hand of the 
Rower oyerx:ûmes the contrary Effort of his 
Feet, zxjà the .Current of the Water. 

Bud. I3j)at do you comprehend how the Sein 
ro?kes ilj^si ly^l turn roi^d, and how the Wa- 
çer flinty oiTpRe fy[i^ Rivulet can make it turn, 
mopgh }i hf ve ^uch iefs Mgis and Bulk than 
Che )^U-ftone>felf ? 

Arifi. Jl^t nie tfypk a Moment. Each Ra^^ 
iffffs ,ofxhe wheel is ^ iicaver of the firft Spe- 
cies. The \^atcr jyhich flo.w^, and is precis 
pirated iiito^his finall jCclls of the Circumfe- 
rence, is the rower applied to one of the Ex- 

G 3 tremities 


26 Conversation VII. 

tremîtîés of each\R^^///jf. 'Toward the other 
Extremity is the Point of Support, in the Cen- 
ter of â Cylinder, into which the Radii are 
fet. 'The Weight orUefiftancc is the little in-r 
temal Wheel which immediately receives the 
Motion from the Cylinder that it conveys to 
the Mill-ftone. The Power has fd much the 
'more Advantage over the Refiftance, as its 
Bfeam is the larger ; and becaufe the Excels of 
Velocity inthe Power does prevail, the Wheel 
turns round, the Grain is bruifed. and dilpd- 
fed to become proper Food for the Preferva- 
ttion of our Lives. 

• The Windmill follows the ûme Prin-* 
ciples; its Wings, which are agitated by 
the Wind are fo many Leavers of the fame 
Species , as is alfo the Handle of a CofFee- 
Mill. At length I donceive why one has fq 
little Difficulty, and fo much Pleafyrq in the 
grinding of CoiFee. 

Eud. Now that which conftitutes the Forcej 
of the CofFee-Mill, makes up the Force of the 
Roller, Capeftan, Jack, &c. The Wedge paf- 
fes for a double Leaver of the fécond Speciçs. 
The Nail, Knife and Sword are fo many Sorts 
of Wedges, which are driven in fo much thp 
more . eafily , as the Parts, feparated by thofe 
Species of Wedges find in them whereon to 
fupport themfelves in fome Sort, as upon ah 
inclined Plane. The Advantage of an inclined' 
Plape is to be found in the Screw. ^ 
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Ariji. I fee perfedly, Eudoxus^ the Fertili- 
ty ojf this Principle, that the Quantity of Mo- 
tion is equally meafured by the Mafsj and by 
the Velocity^ 

End. Well , ^ fince we have examined the 
Determination, the Velocity, the Quantity, and 
Properties of .Motion, we will examine its 
Rules whenever you pleafel 

AriJl. To Morrow at fix in the Momii^ I 
will repair éo your Clofet. I know that Philofo- 
phers take little Reft, their Search after Truth 
keeps them awakç. 
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\ Upm the general Ruks of Motion, 

• ' - • ' 

AriJi. T believe, ExidoxuSy you will find fomc 
j[ Diifficulty in inflrùûing me upon 
' this Head. This Morning I faw a Man of 
Learning, -.wtll verfed in Antiquity, and who 
has by the foie Weight of his Authority, filled 
me with i&OQg Prejudices againft your Rules * 
of Motion. ;He peremptorily affirms without 
any Ceremony, that thofe Sorts of Rules are 
good for nothing, but to overturn the Order 

of Nature. * . 
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Eud. I kpow nbt whether your Man or 
LearnijEi^ was well awake, for hci feems to mp 
to have ^en in a Dream. Perhaps I am àt^ 
ceivedj but in Matter of Phyfics I don't thin!;; 
0130 is obliged to yield immediately to the fole 
Authority of a kamed Man. This Vidoiy 
depends upon the Fx>rce of his Rea6>niog8. For 
my Part, I do nqt know what they are, but 
here are mine. 

If Bodies do not follow, in their Motions, 
ibme confiant Rules and Laws eûaU^Qied by ^ 
the Wifdom of the Creator , why éùwftito, 
every Moment Bodies Which move, and conti- 
nue to move more or lefe, in Proportion as 
fome foreign Caufe comes to determine them 
fooner or later to reft ? Why does every Body, 
that moves circularly, get off in a right Line, 
wheniever it is at Liberty? Why^oes a Body,' 
which receives divers Impreffions at one Tipie 
towarxls diâSrrent Places, accommodate itfelf 
to them all, as much as it can , according as 
diey are ftronger ot vmlkçri Why do we iot 
hkk ib iniii^ the more Motion, die ipore it 
caiiifi$ ia cither Bod^s? 

^tfi. I iredy acknowledge ycrar JLeafons 
^£kiSt me okm than the Authori^ jèf my Ma9 
of Learning, whohasgrowp/AdîoiiisÉn^ui^ 
rks alter Andqutty, hiit who {bemsfien^er co 
have (COniidered: ^^ Natuce incpffiiody ft^ 
fc»ts to his Eyds. 

Eud. The Author of Nature, ArifiWj has 
made Laws bodh for Bodies and Spirits 5 and 

•-'■»- '^ ..... « .•> . ^ V • ' . ' ; If! 
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ie éê OUmpm §i^kQ^ feaW^ I lie a fur- 

grjzÎBg Di8^r«nf?e4 Thjit i§, tjiat Spirits aljpfe, 
fiafeii, in Or4fr CO vi§|îLîf lïjejrs, while Bqt 
dies follow theirs conftantly, and wijiiout 4pt.. 

gHBÔrwing, ap if th§y W«fP J^c^A^^We- 

. ^r^. Pray tel «§ unfeW thofe Mws oj^ 

Rul* ff) Mifully «bff ryefi |>y BpjJiçs- 

JSîft/. In order to do fo, let us begin with 
laying down fome Principles. 

f. Mptipn and ]Rpft are thp . JW9 States of 
Bodies : For conftafic Modes of Bodies are thf i?> 
States, and Motion and Reft are the confiant 
Modes of Bodies , fincc both the one and the 
oti)er copMs in a Sort c^Conçmuacion ; Mati^- 
on in a fudcefi^ve Continuatioi?, and Refjb Ip^z 
permanent Continuation. 

^^. According to tlii$ Prinpîrfe, Ovid 
fymnii to k^Y^ b^n ^ Phjjioibpjier, and ^1^ 
fon^etiilng of a Oartejian^ when he found Co»* 
%iiçy i?v£^ ip the îaco;iftançy pf Fprtvjne : 

\ 

. Et tflntum cotijiam in levitate fuâ efi. 

Eu4. 2. Body can give itielf neither Motion 
nor Refl:i ^ad' of itfeif is wholly indifFerent 
as to the 4>ne or tlie echer. In a Word» it has 
of its own Property no Force, no Efficacy ; it 
is fm\Y ^ Pardon of Ext^nijioi;» : It has nothing 
of iifelf and of its own Stock befîde Length, 
Br^dtb and Tljiçjcnefç ; the Idea of Body of- 
fers iiodbing el& £0 ihe Mind. 

• * 

3- As 
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3. As Bod)r^îs indifferent either to Motion^ 
or Reft, by: the feme Reafoh it k fo either to; 
ftich or fuch a Direékiôn, or to Ibdi or fiiGh 
d: Velocity.; . ' / ^ 

Let us exaniine at prefent the general Rules,, , 
which all Bodies that are moved fecm to follow 
ÎQ tjbe Order of Nature: I fee four of them -f*. 

Here . 


f Sir Ifaac ^mton W laid down three, by which we tWnic 
cVeiy Thing that Tektes to Motion may- be ea^jkdned* : ^ 

: . . La w I, 

Ali Boâis cmtinueAfftMr St/ite afRefi. or Mothm, unifirmly /* , 
^ A Tight Line^ except fo . much as, tb^ are forced to ehange that 
mate by Forces imprejfed. - - 

; To Ihew how inviolably this Law is obferved, we need only 
confider that no Inftance has been ever produced of any Body, 
t&it did of itfelf change from Reft to Motion, nor from Motion • 
to-Reft; nor when in Motion, ^ter its Courfe, bat -that where- 
ever ftich Changes happened, there were always -evident Caufes. 
If Bodies changed their Places of themfelves, all Things would* " 
ran into Confufion, nor would there be any certain Means to re- 
gulate the Aélions of the Univcrfe. 

Moreover there is in Matter a paffive Princlfky which Sir 
Ifaac Newton very well exprefles by the Vis Inerti^y wherfeby 
Bodiâ refift to the utmoft of their Power, any Change or Alte- 
ration of their State, whatever it be, either of Reft, Motion, or 
its Direftion j and this Refiftance is always equal in the fitme B»- 
ày, and in different Bodies is proportional to the Qaanti,ty of 
Matter they contain. There is required as much Force to ftop a 
Body in Motion, as is required to put it in Motion, £sf vice 
vârfa ; and therefore fince the fame Body equally refifts the con- 
trary equal Changes of its State, this Refiftance will operate asi 
powerfully to keep a Body in Motion, as to keep it at Reft, and 
confequently of itfelf, it can never change its State of Reft, Mo- 
tion, or Direction; for to change its Direûion, is the iàmQ 
Thing as to move of itfelf another Way. Matter then of itfejf 
is fo far indifferent to Motion or Reft, that it is no more inclined 

to 
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Here is the Firji : A Body that is njoved, 
ought to continue in Motion, until ibme ex- 
ternal and particular Cauife determine it -to 
reft. 

ne 


to the one than to the other, and does no lefs refift a Change 
fhnn Reft to Motion, than Jix>m Nibtion to Reft. This P'is'&' 
ertiie is no where more con^icuous than in the iiidden Motion of 
a VeiTel full of Liquor upon a Horizontal Plane ; at firft while the 
Veffel is moving along the Plane, the Liquor feems to move with 
a I^redion contnby to that of the Vcflel, the Water rifing on 
the Hinder Side of the VefTeh Not that there is realty any fuc& 
Motion impreifed upon the Liquoh but that by the f^is Inertia^ 
Ae Water endeavouring to continue in its State of Reft, the Vei^ 
fel can't immediately communicate its Motion to it, by Reafon 
of its Bulk and fluid State : But the Liquor perfeveres in its State 
of Reft, whiUl the VeiTel makes forwards, and To feems to move 
.9 contrary, Way. - But when once the Liquor has the Motion of 
.the VefTel intirely communicated to it, and begins to move with 
a Velocity equal to that of the VeiTel, if , the VeiTd be fuddenly 
ftopped, the Liquor continues its Motion, and daihes over the 
Sides of the Veffel. This pajjjive Principle, or Vis Inertia^ iis 
eflential to Matter, and can neither be intended or remitted in 
the fame Body, but is always proportional to theQuantity of Mat^ 
ter Bodies contain. 

Carol. I. , Hence it is evident that no Body put in Motion wHl 
naturally, and of itfelf, move in a Curve-Line. For whatever 
moves in a Curve-Line, muft in every Point alter its Direftion, 
which, as was iâid before, no Body can do. 

CoroL 2. Hence the great Bodies of this Univerfe the Planets^ 
their Satellites, and the Comets do not naturally and of them- 
selves (tho* at firft put in Motion) move in their reQ)e^ve Or- 
bits, which are Curve-Lines returning into themfelves, but are 
kept in them by Tome attraéUve Force, which if once fufpended, 
they would for ever run out in right Lines, and confequently the 
Motions of thefe great Bodies in their Orbits, do abfolutely de- 
pend upon this attradive Force, whenceibever it arifes. 

Corol. 3. Again, hence it follows, that neither Motion nor 
Reft (I mean not one of them particularly) is effential Jo Matter,- 
p,e. it will be ftill Matter, in whichibever of thefe Sates it be, 
and is indeed indifferent to boch^ or equally foiceptible of ci- 
thçr^ 

Law 
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^Seçottd: A, B^y wjûch mQV^ dçfcrtties!, 
or tends to deicribe g urakht Line. 
' ' 2y6<? T/&/W : A Body that xnoy-es bjr tjie FpriÇp 
of divers Impreffions towards different Plaices, 

.•■ ■'■■■•■■ ■ -^ut 

Law II. 

?!i/ Ciatgis tnadi ift tbi Maticns of Bodies are always froportié- 
Msf t9 fbe impriffd moving Force, and are produced in the fame 
Birtêion with that of Ae moving iorci. ' 
• 

£flS^ are always pn^rtioxial to their adéquate Gaufes ; and. 
if isij Deeree of Foit» produce any Degree of Motion/ % double' 
Degree of the fame Force wiU produce a douiUe Degree of Mo- 
tion, and a tri|de a txvj^t, and To on ; and this Motion muft pit>- 
/Deed m t^e ^ûie DLreôion with that of tlj^e moving ï'orcé» fince 
fiDom ihis only the Klotion aràès : And becauie W ^e former 
Z^aWy Bodies in JN^otiôn cannot change their Direebcy^ of them- 
selves, fi> that mild& igmê new Force alter its Cqutie, the Body 
iPauft prQo:edin the iâme Direétion with that oif the movinjg; Force. 
And if the Body w^ before in Motion, the Motion arising f^m 
ihis imprd&*d Force^ if in the fame Direction, dioes fo nuich en- 
p-e^ the former Xîotion, if it has a contrary Direâion, it dé- 
fxtQ% a Fart of .the former Modon, equal to that which is im^ 
KcQpd ; when it has a Direôion oblique to that .of the formei: 
Motion, It is either added to, or fubftraéled from the former Mo> 
limy nccQsding as thé Motion arijGng froni'a Comp^tipn of thefe 
^o is determined. 

CiorM' Hence it is evident, that in the |wefent Conititution 
of Things, there can be no perpetual Motion. By a perpetual 
Motion, linean an uninterrupted Communication of the ][ame 
ll^fie of Motion ât)m one Part kâ A^tter to aâother m a Circle : 
Not as Bodies put in Motion àa for ever continue in tiie ûm^^ 
but in ioidx as àiey are refiAed or Aopp'd by other Bodies, hot 4 
Circulation of the ikme C2^tity of Motion, fo that it perpe- 
tuaHy returns undiminiâièd upon the firft Mover. For by thil 
Law die Motion pi^oduced is W proportional to the generating 
Force'; and all Motions on this Globe -being performed in â rej 
fining Fluid, criz. the Air, a confiderable Qjuntity of the Mo- 
tion muft i)ê 4>cnt in the Ooinmunication on this Medium f and 
Qsinfequendy it is impo^ble the fame iQjiantitv of Motion dionld 
r^uri> utuiflttiniiihe^ uppn làe firfi Movir^ wmcb is neceiTary to^ . 

ward 


tjpon the ^nef al Rules df Motion. j> j 

Ibiit tvhicli iit ùot diamfetrîcàil^ ôppbfifé, côrni 
jpiîéé with thetii all at once, a^ mucll as pof^ 
Gbfe in Proportion to their Forces. 

^te PoUfth : A Body that is moved, and in 
the End lofes its Mbtibn, Ibfes it by Cômmù*^ 

nication j 

• 

ward â perpetual Motion. Moreover, the Nature of mateiial 
OJ^ins 15 fuchj tfet there is lib aroîdîng i gi^ater or leffer Ifc- 
^ffx^M Friétiofa, tbc^^ |bé Machiiie be fonniâ acconiiog to thé 
iotadeft Priîïciples of Geometry and Mechasicb^ there beh^ no. 
]perfe^ G)nigrui^ or exaft Smoothneâ m Natun: ; the \iahn^ of 
the Cohefion of Bodies, the fmall Prof)ortion the fblid Matter 
hem to die Vacuttib ih tl|èm, and the IffatQre.of the cpdfUttient 
Partidci of BocGes, not admittmg the fame. ^ Bcfides, how vcrjr 
iinpéifeft our ilibft Siiifhed toechanick Performances arfe, a very 
oMinâ)7 Mciofcôp^ ^Ul ealilf diicover. NCA¥ thefe Things iniift 
vei^ <$mâdeFablv. dindnilh die communiait^ Force, (b tluit it is. 
impdiiiSk there inoârï £c a perpetual tÂoûbUg uiilels the commu-^ 
nfeatdd Force i^Ëfe fê Mcdéh greater than the geikbfatihg Fdrce, ik 
to^l^co.&penfe the Diminution made therem by all thefe Caufes^ 
fe that the imprefled Modon may return *undiminiihed to the 
firft Mover : But thai being contrarjr to this Law, it is clear, that 
the KitdHon liiiift eohdnutUy dêcreaiè, tifl it at M fbapi and coha 
fequentfy there cstn be no peipetual Metfoh in the pt &nt State of 
Thmgs. 

La# lit. 

ittp6^ dr ReMtm is ûh»a)s eqïïoi to ïffiftt^ vr Atthn, or the 
Jimhi àf two St Jus ufon one anmher^ U ikûayr equals hui 
ivltj^ it tomràirk Ùiref^iolt, i. e; fbe fame Rrâ with tobich oni ' 
Bo^ Jhikei ^ another 9 is returned upon the firfi h) thai 
hther i Ht thtfs BrcH are intfrefid toith cohtrary DinBions. 

Whatever pit^ or àxivft another, is as much prefs*d or drawii 
bf that Mm» : if mi prdfib a Stbne iHth hii Fingefi the Stone 
pitifêà his Fhigâ-ftgain. If a.Hoirfe diutr forwaril a Stdne by a 
BÏH^, thé ^éone dbès «qtttlly draw back the Horfe ; for the Rope 
belhg equally dîftèhded both Ways, aas up5h both equally. IS 
tAt ftrilb an Aiivil With a Hammer» the Anvil (brikes the Ham- 
iatt Wiâî é^ual F<^ The St«cl 4»W9 the Magnet a$ much as 

the. 
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nicadon ; that is to fay, one Boclyjvhkh {irîkeâ 
againft another, lofes of its Motion propor- 
tionally, as it caufes Motion in the other. Let 
us confidcr fome Particulars for the Proof of 
thé Eflfeâs of every Rule. 

Rule I. 

■ • • 

A Body which is moved continues in Motion un^ 
til fome external and particular Caufe deter* 
mine it to reft. 

I denaonftrate it thus : A Body pafifes from 
Motion to reft of itfelf, or the Author of Na- 
ture makes it pafs without the Encounter of 
an external and particular Caufe ; or the Body 
continues to move, as the Rule fays: But, a 

Body 

the Magnet does the Steel, as is evident, by making both fwini 
in Water : So in pulling a Barge to Land by a Rope^ the Barge 
pulls the Bank as much as the Bank does the Barge ; and in the 
I>efcent of heavy Bodies, the Stone attraéb the ]£irth as much as 
the Earth does the Stone, //>. the Earth gravitates toward the 
Stone, as much as the Stone does toward the Earth. And the 
Motions produced by both thde Gravitations are equal in both«. 
only the Stone is altogether inconfiderable, in refp^ of the Bulk 
of the Earth ; and confequently the iVelocity of the Earth^s Mic- 
tion toward the Stone is inconuderable, in refpeâ of the StQae> 
Motion towards the Earth ; and therefore the Motion of the l^(h 
toward the Stone is infenûble. v And univerfally in' all the Anions 
of Bodies» if a Body aéi on another, and change its Modon any 
Manner of Way, that other will make the £ime Change in the ; 
Motion of this Body, with a contrary Direction ; ib that by theio 
Aétions there are made equal Changes, not of the Velocities, but . 
of the Motion ; for the Changes made on the Vebcities in conr . 
trary DiredUons, are in a reciprocal Proportion to the Qgahtity of 
Matter contamed hi the Bodies. VUe Ckeyne's fbilrf. Brinc^, . 
P.7> &c. 


UpQn thé general Rules ofMdthn. 9 y 

Body that moves does not pa& from Motion 
to Reft of itfelf. Why, and how can it psifi 
of itfelf from one State to another ? It has no 
Power i it is nothing but a Portion of Extent 
fion, which neither has any Force, nor any 
Intereft to repofe itfelf more than to move k-r 
feif, by the firft Principle. 

2. The Author of Nature never makes it 
pafs from one State to another, from a State k& 
Motion to that of Reft, without the Aâion of 
a particular Caufe \ even as he never makes ic 
without that pafs from Reft. to Motion, nor 
from one Figure to another : But he preferves 
the Body in the Êime State, till fome . particu- 
lar Cai^fe determine him to prefer ve it in an- 
pdier. As he is a fimple and unchangeable 
Being, he has made, and obferves Simply 
confiant and uniform Laws, which bear upoit 
them the ImprefHon of his Attributes : There- 
fore a Body which is moved continues to move» 
until fome eicternal and particular Cauib de- 
termine it. to reft. 

Hence» when a Body has received Motion, 
it may prefer vc it without the Aid of. a 

Sirticular Caufe. .Without this Aid, a Stgnc 
rown into the Air afcènds, till having in^ 
fenftbly loft its Force by the fucceffive En- 
counter of divers Parts of Air, it falls again at 
laft by Virtue of, its Weight. 

Arifi. Would a Ball then (hot toward the 
E^, or toward the Weft^ move continually, if 
it ihould meet with no Obftacle toward the 

fame 
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i&the Plice, with ait faTne bi)%eiibd, and ^ 
ùtfte Vëlotily ? 

Èud. I don'e doubt it Â StôAe thrd«m pét-- 
liendiculat-tys wouM eoiitihU^^ in ih ûhifbnà 
Môtibn to TtàHh khe ZfH//j&; The lildifibréhèf 
bf Bodies is alike as to Reft, Motidii, Dii^oh', 
and Velocity. They ha^é h6 ttïoré that ^kÔ 
to Réft, dl- to the Ctntcr t)f tfe Êatthi which 
UiS amfeiit Philofo^râ found iiï thélth, tSf 
lô)|wt»l tè thèin *. 

.^5^; Biit if thSK riiotid Body riei^fcr tëafeà 
tô taiôve, wGûM hot iô Motion bé lAfittité > 
, ÈK</. ft tvtould not property bé ihfihitfc, Sfteè 
!t Would continually doublé its Velocity. 

i*t)f. I fee it ; notwith'ftàndihj^ AhptkH 
AUth^îty, fan ^fll h6t àÙo^v that feodles WhicH 
aïié ïiioved, è'wfe thé Prefervatioh ^f^àr Mi^ 
Mon td thfe teipnifribn bf thé Air. 

&Jox. Beéaufé thë Ait is ah Ôbftadt td 
Motîôhi khcrtforê ît iftiuft bé fkr ftoA coAti-i 
hoihg it. Ptit a Pehdultirii tAiô thé Itecelver 
bf an Air Puriipi and pump -blft thfe Air j ttiè 
Vibrations af thè Fénddiuiil #îfl thetTrt)y àcr 
i|uirè' 2^ greater Velocity. 

yù^^. I aih wholly of ydur Opiftibîi âS td 
the fifft Rule. 

ÉUid. Let us pafe lo thé f^oîid. 

* Sec the Notes on C o » v e r s At. iVtl. Vbl.i 
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* 

R U L E IL 

ISiVery Body that moves ^ defcribes^ or tends to de^ 

fcribe a Jlraight Line. 

[ I cfelfionftrate it thus : A Body, which of 
Jtfelf prcferves the fame Diredion as much as 
poffible, defcribcs^, or tends to defcribe a ftraîght 
Line : For to defcrijbe a crooked Line is to change 
the E)ire6bion ; it is fucceffively to regard diverà 
ï^oints of the World ; But every Body that i^ 
moved, prcferves of itfelf the fame Dire<5tion 
as much as it can ; fince of itfelf it cannot 
change it^ and is iodifFereric cither to fuch or 
fuch a Direction, by the third Principle, ha- 
ying no Force, po Intereft, no Pyafs to carry 
it, rather toward the Eaft than toward the 
Weji^ toward the South than toward the North. 
Therefore every Body that is moved defcribes, 
tft tends to defcribe a ftràight Line. Accord- 
ingly every Body that is forced to defcribe. a 
Curve Line, runs off in à ftraight Line wher> 
ever it is at Liberty. 

Hence^ Jf the moved Body defcribe precife- 
ly, a Square Figure j it muft iri its Way en- 
counter with four Obftacles. Of itfelf it would 
always follow a ftraight Line ; it is altogether 
k Stranger to Turnings. . ; , 

2. What is it that caufes circular Motion ? 
A Continuance of Obftacles ; for a Body that 
is moved^ always endeavours to follow a ftraight 

Vol. I. H Linej 


p8 Conversation VIII. 

Line ; nevcrthelefs it leaves it every Moment. 
What obliges it to that, if it be not a Conti- 
nuation of Obftacles ? 

3. A Body moved circularly endeavours to 
remove from the Center of its Motion. In a 
Word, it tends to defcribe a ftraight Line ; and 
thi^ Effort removes it from the Center. Make 
a Stone move round your Hand in a Sling; 
and your Hand, which is the Center of Mo- 
tion, feels the Eâfort v^hich the Stone makes in 
order to remove. If you make, a Veflel full of 
Water move round in a Sling, the Water is 
not diffused j why ? The Effort, which it makes 
to remove from the Hand, gives it a Direftion 
which removes it from the Brim, and fixes 
it to the Bottom of the Veffcl. 

4. A Body that makes an Effort to remove 
from the Center of its circular Motion, en- 
deavours to go off in a Tangent {ab) Fig, 10. 
As the Points of the Circle are fo many Begin- 
nings of Tangents, or of ftraight Lines con- 
tained in fome Sort upon the Circle, and which 
only touch it in one Point, the Body that moves 
round receives in every Point a Direâion to 
follow the Tangent ; and you may fee it fol- 
low the fame effedlually, whenever it is at Li- 
berty ; it follows it whenever it gets out of the 
Sling. 

5^ When feveral Bodies are carried rapidly 
at once round a common Center, thofe which 
are fitteft for Motiori, and have mofl: Force, 
make the greateft Effort to remove from the 

Center. 
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Center. The Effort of a .Body in Mbtion 
anfwers to its Force, it makes all it can. 

6. Upon this Suppofition, thbfe Bodies which 
have mpa Force, drive back the others toward 
the Center,. The ftronger caniiot remiove, 
wit;ho]nt taking the Place of the weaker : For 
there is no. Appearance pf Vacuities capable of 
receiving the ft ronger 5 and the weaker cannot 
yield their Places without withdrawing into 
tbofe which the ftrpnger have left free toward 
the Center. .If you fhould agitate in a circu^ 
lar M^hpôT the Corn wltli the Chaff iq a Sievei 
the Corn carried toward the . Circumference 
forces the Chaff which is weakeft^ to unite in 
the Center. ^ 

Finally y Should a Body that moves, round a 
Center bç a folid Body, its Parts move fo much 
the mpre fwiftly^ the farther diftant they are 
frpm the Center. In a Wheel, e. >?■. the far- 
ther diftant the Parrs of the Spokes are from 
^t Axle-tree, the more Velocity they have, 
fince in, the fame time they make fômuch thé 
more Way. 

Arift. The Confequences of the fécond Rylc 
are evident. , . 

End. Thofe of the third will be no lefs fo^ 
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Rule III. 

A Body that is. moved by the Efficacy of differ 
rent Itnpreffions toward different Points^ of 
which receives divers DireSiions^ complies with 
them all, as much as poffible, in Proportion to 
their Forces. 

I demonftrate it thus : i . It complies with 
all the ImprefTions , fince it is indifferent to 
them all, and can of itfelf refufe none of them. 
2. It complies, I fay, with all^ in Proportion 
to their Forces ; for a greater Force muft pre- 
vail beyond a lefs proportionally^ as the one 
is greater, and the other lefs. 

Hence, Suppofe you ftand upright in a Boat, 
let it hit againft the Bank, it recoils ; and while 
it recoils, if you are not on your Guards you 
will fall all along : Why ? 

Ariji. I fee the Reafon of it. While the 
Boat recoils, the upper Part of my Body pre- 
ferves-its firft Direction toward the Bank : My 
Feet, being fixed to the Boat, receive a con- 
trary Dircâion to recoil immediately from the 
Boat itfelf. My Body complies with two Di- 
reâipns 5 the Feet recoil, the Head advances ; 
the middle of xi\y Body being fuppôrted by 
nothing, falls ; and thus I come to be laid all 
along. 

PiUd. You rife again with fome Applaufb. 
Then being placed upon a Cylinder endeavour 

Eud. 
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to leap forward What happens upon this 
Attempt ? 

Arift. The ikme Effeâ; a merry Fall. I 
give the upper Part of my Body a Diredion to 
go forward, and to my Feet to move backward. 
My Feet being iupported by a moveable Cylin- 
der, follow their Direâion, and recoil ; my 
Head follows its Direâion, and goes forward. 
The middle of my Body finds itfelf without 
any Support, and I fall with my Noic upon 
the Ground. This gives me ibme Confuiion, 
•^and in fpite of all your Philofophic Gravity 
you do nothing but laugh at it. 

Eudox. You are. too well acquainted with 
the Rules of Motion to expoib yourfelf to give 
this little Scene : But let us ierioufly examine 
the principal Confequences of the third Rule. 
I fuppoie that a Body receives two Impref- 
fions toward different Points that are not dia- 
inetrically oppofite, of two Direâions, Fig. 1 1 . 
the one (a b) horizontal or parallel to the Ho- 
f isson and the other (a c) perpendicular to the 
Horizon. What Courfe will it take ? 

Arift. A compound oblique and middle Di- 
reâion will be made up of theie two Diredfeions, 
namely, (a dj which approaches the horizon- 
tal and perpendicular Direûions, more or le&, 
in Proportion to the Force,' both of the one 
and the other, fince it ought to yield both to 
the one and the other in Proportion to their 
Forces, by the third Rule. 

H 3 Eud. 


ICI Conversation VlII. 

Eud. And as an oblique Dircâion is forn> 
cd of two Dircdîons, the one perpendiculat, 
and' another parallel, we may fay, that the 
oblique Motion has two Diredions, one pa^- 
rallel, and the other perpendicular. In a Word, 
it brings ' the Body nearet* to divers Points of 
two Lines, the one parallel, the' pdaer perpcn-^ 
dicular, which would be the two Sides of a 
Parallelogram eg^ of an exaft Squàrfei or of 
ah oblong Parallelogram. Nothing n^ore is ne^ 
ceffary to underftand how the Wind makes a 
Mill go round. 

Artji. This is a thing which appears at firft 
eafyto conceive, but nevertheless becomes dif- 
iicult when one cdnfiders it.^ 

Eud. This is the Way I conceive it. The 
Axis of the Mill is in the Diredion of the 
Wind ; the Surface of the Sails making with 
the Axis, to which they are faftncd, an Angle 
of ^^ Degrees, and in a Situation obUque to 
the Wind. The Wind which blows obliquely 
upon the Surface of the Sails; has two Di- 
reftions of oblique Motion, the one parallel, 
and the other perpendicular to the Surface of 
the Sails. By the parallel Diredtion the Wind 
does not puûi the Surface of the Sails j' for a 
pireétion parallel to a Body does not; convey 
to it the Effort of the Body moved. By the 
perpendicular Direâion the Wind gives^an Im- 
preffion to the Surface of the Sails,'- in order to 
drive them backward by an oblique and middle 
JLiine, between the Axis and a Line perpen- 
.1 . dicular 
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dicular to it. The Surface of every Sail re- 
ceives then two Direâions from . the Wind, 
one perpendicular to the Axis, and another pa* 
rallel, which brings it nearer to the Axis. The 
Surface cannot follow the parallel Direftion 
\^ithout breaking : It may freely yield to the 
perpendicular Dire<3:ion without Danger, and 
it does fo. But as it is attached to the Axis, it 
is obliged to change from a Perpendicular eve- 
ry Moment, which it does. Changing from a 
ftraight Line every Moment, it defcribes a 
Curve and circular Line, and makes the Axis 
turn round with it fo much the more eafily, 
becaufe every Surface anfwefing to another 
difpofed obliquely, and a contrary Way, the 
Force which makes one afcend, helps the o- 
ther to deicend; the Force which makes one 
defcend, helps another to afcend : So that the 
Situation of every Surface confpires to the fame 
circular Motion. Hence the Mechatnifm of the 
Mfll. 

Would you have an Explanation of it more 
fliort and fimple ? The Air being violently dri- 
ven againft the oblique Wings of the Mill, en- 
deavouring to dilate itfelf every Way by Vir- 
tue of its Spring, pufh the Sails both toward 
the Mill, and toward the Parts whither they 
are carried. The Sails cannot approach nearer 
to the Mill without breaking : T$ey can, with- 
out breaking, follow the other Impreffion ; they 
follow it, and the Mill goes round : But fup- 
^fe the horizontal and perpendicular Direâions 

H 4 be 
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bp always equal, what Species of oblique and 
niiddle Line will the moved Body defcribe ? -' 

Ariji. The Diagonal of a Square ; bécaufe 
in this Suppofition it ought equally to approach 
the horizontal and perpendicular Lines, which 
inake tWo Sides bf a Square ; and it cannot ap- 
proach them equally but by thé Diagonal , 
drawn from one Angle to the Angle dianietri- 
cally oppofite, Suppofe a Billiard Ball receive 
in this Corner of your Clofet two equal Im- 
preffions, one to go along the Wall on the 
Right, and another to go along the Wall on 
the Left ; this Ball taking à middle Courfe will 
run into that Corner direâly over againft us,' 
that it may equally yield to the twdlmpref-; 
fions. 

Eud. But if there be any Inequality in the 
two Impreffions, or in the two Directions of a 
Body, fo that the one diminiflies every Mo^ 
ment, and the other increafes proportionally ; 
what happens? ^ '"" ^ 

Arijï. The Body moved defcribes a Curve 
Line, that is a Parabola : For it defcribes a 
Line which changes its Diredtion every Mo-^ 
ment, removing always from that which di- 
minifhes ; fince the prevailing Diredion for- 
cing it from the other, carries it every Mo- 
ment towards a new Point : Now a Line of 
this Kind is a Curve Line, a Parabola, tâc. 

Eud. According to this Principle a Canon 

Bullet defcribes a Parabolical Line. It receives 

two Impreffions, two Direâions, the one ho-^ 

I. ; : . ' rizontai 
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rizonfal or Parallel, to the Surface of the Earth, 
the other perpendicular. That proceeds front 
the Gun-povsîder, and this from the Gravity. 
The firft is diminiflicd every Moment by the 
Refîftànce of the Air, and the other increafes 
by the repeated Efforts of the Gravity. In- 
creafing every Moment it gives the Bul- 
let new Dircftions, carries it toward different 
Points of the Earth, and brings it neafer to the 
Perpendicular. The Line made up of thofe 
Changes of Dirëélion is a crooked Parabolic 
Line. The fame Line is defcribed by the Ball 
of a Fuzee, for the fame Reafbn. Wotfld you 
hit a Mark at the End of the Reach of a Ca- 
non or Fuzee? Fix your Eye a little higher: 
But let me have the Pleafure of perplexing 
you vsrith fome Problems. 
V Tbejirfi ProbletJ}. Why, T pray, does a Ball, 
while a Vefîèl fails full before the Wind, fall 
from the Scuttle to the Foot of the Maft in a 
Curve Line, obferved by thofe who look from , 
the Shore ? • 

■ Arift. The Ball has two unequal Diredions, 
one horizontal, or parallel to the Horizon,, 
which proceeds from the Vefîêl, and another 
perpendicular and ftronger, which proceeds 
from the Gravity. The Ball yielding to both 
in Proportion tp their Forces, advances with 
the Vefîèl in a Curve Line, which lays it down 
at the Foot of the Mafl. 

Eud. 2. Problem. A Ball thrown perpen- 
dicularly from the Foot of the Mail, £alls a- 
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again at the Foot of the Mali, tho' the Veflel 
be carried forward with Rapidity ; why ? 

^riji. For the fame Rcafon. The Ball o- 
beying its tWo Impreflions proportionally to it$ 
two unequal Direftions, is carried again by a 
Curve Line to the Foot of the Maft. 

Eud, 3. Problem. An.Horfeman riding full 
Speed throws an Orange into the Air ; the O- 
range falls again into his Hand; why? 

Ariji.¥àt the fame Reafon ftilj, TheO- 
range following the third Rule, yields to its 
two unequal Impreflions agreeably to the In- 
equality of their Forces, and by a Curve Linç 
meets the Hand again which threw it. 

Eud.' 4. Problem. Now \ will give you a 
more difficult Problem, Upon a Plane, the- 
Plane of a Billiard-Table for Example, with 
the Edge of my Hand, and a fmart Blow, t 
ftrike a Billiard Ball about the Middle of its 
Diameter ; the Billiard Ball being ftruck runs 
off from under the Hand, and retires in a right 
Line tovs^ard the Hand which ftruck it : You 
would imagine it purpofed to take Vengeance 
for the Blow it had received. 

Ariji. The Ball being ftruck by an Hand 
which Hides upon its Qircumference, and in ai 
Place which does not carry it immediately u{v- 
on the Plane, receives two Motions at a time, 
the one ftraight, and the other circular, and 
yields to both. By the ftraight Motion it re-* 
moves ; but this Motion is loft by the Encoun- 
ter and Refiftance of the Air, which it muft. 

divide 
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^ivide in order to advance. The circular Mo- 
tion, which does not meet with the fame Ob- 
fl;acle, fubfifts a longer time, and being fè- 
conded by the Reaâion of the ,Air, pufh'd by 
the ftraight Motion, it brings back the Ball to- 
wards the Hand ; while the Ball, wholly in- 
different, either to Motion or Reft, thinks no- 
thing of revenging the Blow it has received. 

Eud. When one underftands what has been 
iâid, it is eafy to comprehend the Motions of 
Reflexion and Refraâion. 

r throw a Billiard Ball obliquely upon a 
Plane : After the Stroke of the Plane it afcends 
and paflcs to the other Side by a refleâed Mo- 
tion. Why? 

^ Arijl. The oblique Motion of the Billiard 
Ball (ab) Fig. 12^ is compounded of two Di- 
redlionsi the one parallel Y^zr^ and the other 
(a d) perpendicular to the Planei The Plane 
being impenetrable to the Billiard Ball, and di- 
reâly oppofed to the perpendicular Direftion 
downward, changes it into a perpendicular Di- 
redlion upward : But the parallel Dircâion re- 
ijnains ; as ic is parallel to the Plane, it does 
not encounter the Plane, and the Plane chan- 
ges it in no Sort. What then niuft the Bil- 
liard Ball do alter encountering the Plane ? 
Take a middle Courfe (b c) to yield to thofe two 
Dircâions, according to their Forces^ It takes it 
without fail 3 and this is the Motion of Re- 
flexion. 

Eud. 
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Eud. This Motion of Reflexion makes an 
Angle with a Plane, which they call an Angle 
of Reflexion; as the Motion by which thç 
Plane is fl:ruck makes with it an Angle, which 
they call thç Angle of Incidence^ But ought 
the Angle of Reflexion to he equal to the 
Angle of Incidence or not ? 

Ariji. If in the Fall and the Stroke the Bo- 
dy lofes nothing of its Force ; and that none 
of the Diredions be diminilh'd, the Angle? 
ought to be equal j fince in the Fall, and af- 
ter the Stroke, the Body moved çught to de- 
scribe a Line equally difta.nt from the Parallel 
and Perpendicular, in order to yield equally to 
equal Forces and Diredtions : But if it lofe of 
its Force ; if the perpendicular Direé^oii be di- 
miniihed, and diminifhed more than the Pa- 
rallel, as it happens in fenfible Bodies, the An^ 
gle of Reflexion ought to be lefs, fince the Bo- 
dy moved ought to yield more to the parallel 
Direâion than to the Perpendicular, which is 
become weaker. 

Eud. I think you ought to know at prefent 
the Reafon of thofe Undulations on the Water 
called Ducks and Drakes, as well at leaft as 
you knew how to make theni, when you was 
younger. 

Ariji. The fmall flat and round Stone, which 
rapidly and obliquely grazes upon and fkips 
along the Surface of the Water, has its two 
Diredions, the one parallel and much ftrong- 
f r, the other perpendicular downward, and 
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. much weaker. The Plane of the Water, by 
its Refiftance, immediately changes the per- 
pendicular Direction downwards, into a per- 
pendicular Direâion upwards; and the Stone 
is refleâed, according to the Rule, by a mean 
and oblique Line. Then the Gravity in its 
Turn changes the perpendicular Diredion up- 
ward, into a perpendicular Diredion down- 
ward, while the parallel Direction ftill conti- 
nues; and the Stone, obedient to the third 
Rule, proceeds again by an oblique Line to 
graze upon the Surface of the Water, This 
Diversion continues for the fame Reafon, un- 
til the Stone having loft its Motion, is funk 
by Virtue 6f its Gravity. It is by the Reafoa 
of Ducks and Drakes that a Cannon-Bail, after 
having grazed upon the Surface of the Sea, is 
fometimes reâeâed fb as to caufe Death, even 
upon the Deck of a Ship. 

Eud. But I fuppofb that a Body, which is 
moved (a^ by c) Fig. 13. pafles obliquely from 
one Medium into another, from Air, for Ex- 
ample, into Water, or from Water into Air. 
In the Point of paffing (b) the Line which it 
deicribes is broken; it turns afide a ^little, 
fometimes removing from the perpendicular 
Line (d e)^ or the Line which pafles perpendi-. 
cularly through the two Médiums^ and fome- 
times approaching to the fkid Line ; and thefe 
arc Refraâîons. How do they happen ? 
. Ariji. The Body, which pafles obliquely 
from GJ^^ Medium mio another^ has its two 

Direéti- 
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Dircftions, one parallel to the Surface of the 
Medium^ into which it pafTes, and the other 
perpendicular. When it reaches the Surface 
of a Medium that refifts more than that from 
which it comes, as it happens when a Ball 
pafles from Air into Water, it finds a greater 
Refiftance at the perpendicular Direftion than 
at the Parallel ; the Excefs of Refiflance dimi- 
niflies the perpendicular Diredtion , while no 
Excefs of Refiftance diminifhes die Paralleh 
Therefore after the Diminution of the perpen^ 
dicular Direâion, the Body moved ought to 
yield Icfs to it, and more to the Parallel; It 
cannot do fo, without removing a little firom 
the perpendicular Line which cuts the two 
Mediums: It renioves from it;, and this is one 
Species of Refi-aâion. When it reaches a M?- 
dium that refifts lefs, it finds more Refiftance 
at the parallel Direftion, than at the Perpen* 
dicular. After the Diminution of the paral- 
lel Dircftion^ the Body moved ought to yield 
lefs to it, and more to the other : It cannot do 
fo without approaching to the Line perpendi- 
cular to the two Mediums ; and this is another 
Sort of Refradtion. Hence the Ball (abc) 
which pafles obliquely from Air into Watery 
removes from this Perpendicular (de)^ lofing 
its Tendency to the fame Point (f). If it pafs 
from Water into Air, it approaches to the Per- 
pendicular (de)y ceafing to aim at the lame 
Point (g). If you defigri to flioot a Fifh in 
the Water, you muft fix your Eye a little low- 
er* 
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er. The Refraftion will make the Ball afcend, 
and carry it into the Body of the Fifh. 

End. But finally the Motion of Refraâîon, 
as well as that of Reflc6tion, curve Motion as 
well as ftrait, fimple and Compound are loft. 
How does that happen ? Why, thus, as I ima- 
gine. 

Rule IV. 

Mutton that is lojiy is loji by Communication. 

Motion, I fay, is loft by Communication; 
or Refiftance deftroys it. But Refiftapce does 
not deftroy it : For if Refiftance did deftroy it, 
fince the Stars difFufe their Light every where, 
and all, or almoft all Bodies aâ one againft 
another, and continually refift each other, ,in a 
Ihort Time all Motion would be deftroyed, 
both in the fubtile Matter and in the Univerfe; 
all Bodies fliould quickly be frozen, an unhap-^ 
py Languor would fpread itfelf over all Na- 
ture, and the Univerfe would be reduced to a 
frightful Chaos. 

You will lay perhaps that the Spring, or 
that which reftores to comprefTed Bodies their 
former Figure, reftores alfp the Motion which 
they have loft. But ought not the Spring it- 
felf to be annihilated ? For Body being only a 
Portion of Matter, is perfeâly indifferent to 
all imaginable Figures. Therefore if after 
Compreflion it refume its former Figure, an 
external Caufe muft reftore it by ftriking againft 

it. 


ill Conversation VIII. 


I 


It. This external Caufe which ftrikes it, is, à 
Body. This Body is imperceptible. Therë-r 
fore it is the Air , or fome finer Matter, the 
fubtile Matter. It is not thé Air., . The Aiir 
has its Spring, which depends upon an exter- 
nal Caufe. Therefore it is the fubtile Matter. 
But the fubtile Matter finding Refift^nce both 
in elaftic Bodies, and in all that it encounters, 
would lofe its Force. Therefore the Caufe of 
the Spring, and coniequently the Spring itfelf 
ought, as I think, to be annihilated. There- 
fore Motion is loft by Communication. Thus 
tve every Day fee Bodies continue to move morç 
or lefs in Proportion as they communicate 
more of their Force, 

Arijî. If Motion is, loft aftsr that Manner^ 
Jt is found in one Body proportionally as it is 

loft in another. This feems plain. ' 

' ■ A . »... { 1 

Eud. Hence the Knowledge and natural Ex- 
planation of a Number of curious Fads. 

jirijl. Let us attempt to explain them ac- 
cording to your Principles. 

Eud. I . One .is more fatigued by walking 
upon moving Sand , than upon dry Ground^ 
or upon Pavement itfelf. Why ? 

^riji. One communicates niuch more Mo-r 
tion to the moving Sand becaufe it yields, and 
becaufe the greateft Part of the Grains of Sand 
receive their particular Motion, befide the 
common Motion. The more one communi- 
cates, the more one lofes 5 the morfe h loft^ 
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the more one is exhaufted; and the more ontt 
is esdbaufled» the Inore one is fatigued. 

Eud. 2. A Cannoa-BuUec ou^ then to he 
iooT^t ftopp'd in the Air, than in Water. 

j^tft. Quite otherwi&; it caig^c to ftop, 
and does âop fooner in Water ; thb Water 
yidds» and is divided indeed» but wi(h more 
XHâîculty s it œuf): therefore give it more Force ^ 
dbe Bullet does give it more Force; and die 
more it gi^es, the more it Ib&t. 

Eud. 3. If the Bullet {fflis through the Air 
o?er a very large River, or a Fond, it :fells 
4own much ibbner* What précipitantes iip 
Fall ? 

Arip. it is an Exccfs of Reûftancè in an 
Air mare filled with Vapours, and more iien&i 
which is divided with great UtSàcjukf. Thô 
Bullet, in order to divide it, imparts mora 
Motion^ in Pcoportion as it knparts more, ic 
b£b$ mor^ ; pnoportionally as it lo£es more, Ic 
fizids an End of k fooiser. 

Eud, 4. Suppofe ihe Builet encounter a 
Rampart x>f Earth, a Brick Wall, or a Sack 
of Wool, the Motion is iboner deadened than 
bj the ficisoke of a very hard and thick Wall. 

Arijt. in the Earth, Wool acid Brick the 
Pans are fufficiently flexible, they give Place, 
bend, and are loosened pretty eaiily, to receive 
&om the BuUet each their Quantity of proper 
Motion. Theiè Quantities of proper Motion 
^ickiy >equal the <zomn)on Motion of the BuU 
let; and chis is £0 ituich lofs to it. The BuU 

V^L. I. I let 
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let having in a ihort Time loft ics Motion, is 
quickly deadened, and remains at Reft ia the 
Earth, Brick or Wool. But fhould it encount-* 
er a thick Wall of very hard Stones, the Parts 
of thefe Stones are not fufficiemly flexible, do 
not yield, nor bend, nor are loofencd with Eafe 
enough, fo as each may receive its Quantity of 
particular Motion; they only recdve a com-- 
mon Motion which does not at all equal that 
of the Bullet; and the Bullet recoils with that 
Force, which is left it. 

Eud. g. But die Bullet, which would be 
quickly deadened in the Brick, makes a Pan- 
nel fall from a Wall more hard and folid. 

jiriji. It does this, ' becaufe it ought fo to 
do according to the fourth Rule. In the Brick 
the Motion becomes peculiar in fome Sort to 
the imperceptible Parts. From the impercep- 
tible Parts of the Brick it paftes into thofe of 
the Air and fubtile Matter ; and the whole 
Effort of the Bullet is, as it were, annihilated. 
But in the Pannèl of a much harder Wajil, the 
Motion of die Bullet does not become proper 
to the imperceptible Parts ; it is almoft wholly 
employed to difplace the Pannel of the Wall. 
It does difplace it, and makes a free Pailage 
for the Enemy. 

Eud. 6. The Cannon-Bail does not perplex 
you. But an Arrow, which prefents its Point 
to the Refiftance of the Air before it goes a 
great Way; whilft another Arrow, which pre- 
sents its ^ide, falls down again almoft imme- 
: i diately. 
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dktely. ;Thcfe two'Arrô'ws may give you ûiore 
UncafioQis than the Bullet. . ;.l. j.. 

Arijix Not at all. The Arrow, whidi pre- 
iJbnts oply its Pbint to the .Air, goes. a long 
Way, becaufe encountering but with, little Air 
eyery M^iX^eot it .communicates and lofes little 
of it$ IVÎQtion. The other, which ^refents n 
much laiger Surface, quickly falls again, bû- 
caufe 91^ ting with much more Air every Mo- 
ment, it communicates and loies much mdre df 
its Force. .... 

For the fame Reafoa à Beam, . whofe .Bxtrô- 
m)ty cuts t^e Air, is more eafily .carrie^^^ and 
a Boaty wf\i\c\i prefeuts its Side to the anterior 
Air, is flopped with lefs Effort. 

Eud. Hence tne larger Surface a Body has 
in Regard of it& Maf^^ the more of its Force it 
lofes every Moment. . As it ftrikcs againft 
jpore Partfe of the Medium which it muft cut 
through, it givçs equal Quantities of Motion 
to more determined Parts; and the more it 
gives, the more it lofes. But the fmaller Bo^ 
dies^ are, ^ the larger Sqrface they hjave. iii Rc- 
jgard of their Mafs.. . For divide a Globe into 
two Hemifpheres, before, the Diviûon the two 
Hemifpheres had oqly the Circumference of 
the Globe for their Surface, but after the Di- 
vifion they have for Surface , . boidi this Cir- 
cumference, afad likewife two Planes: There- 
fore Bodies, the fmaller they are, loiie the more 
bf their Force, cateris paribus. 

1 2 . this 
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Thb bei^ granted ^ I put into vmi equal 
Fufees the {kme Load of Powder, ten ^ot in- 
to otiCy. and into the other a Bullet whoib 
Weight equals the ten Shot. Will the ten Shot 
go as air as the Ball ^ ' 

Jri^. No. The ten ShdC being fnaaller^ 
each in Paiticubr y than the Ball, they have 
more Baxfscc in Regard of their Maf^ i having 
more Surface, they wUi cfticouiSt^ tiK)re (M>- 
ûacie&; écKountering more OUtacles, they will 
communicate more Force; comnaunicating 
more Ft)rce» tbey will lofe more i lofing more 
Force, tiiey will m^ke fefs Wayî Thertforc 
they wiU not go fo ùut as^e Bullet. 

Eud. But inilead of Fufees, Buttet and Shot, 
I fiippo& two^ ytfs d'Eau. In one of them 
die Wat^ runs off in Threads dirough à Num- 
ber of finall Pipes, and falls down again in 
Rain; » the other an equal Quantity of Wa- 
ter iftings ujp by the &me Paffîige jh Form 
of a €yitider. Which <rf the two ^rbgs 
higheftf 

^i/l. The hft 5 Ûiict having lefe Sur&ee in 
Ptoportioa CO its iVlafs, it communicates eve- 
ry Moinei:^, and i<)fes kfe of its Force. 

EMd After this it is eafy to comprehend 
wtiy rugged Bodies move with greater Diffi- 
culty than fuch as are poliflied ; becaufe die 
firft havifig more Surface on Account of their 
inequaliiies, meet with more Obflacles, and 
communicate rnK^re of their Motion. But fi- 
nally. 
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nally, whence proceeds that Facility in fpheri- 
cal Bodies to turn round upon their Center? 

jirifi. Finding no great Impediment to their 
circular Motion , they communicate but little 
of it. Hence a Whirligigg and a Top^ keep 
theirs a long Time; ana turning about upon 
their Center, fcem to flccp calmly, without 
any Fear of lofing their Forces. 

JEuJ. Here then, in a Word, are the fçur 
Rules of Motion, which all Bodies follqw, as 
it were, with Emulation. 

Rule I. A Body that is moved ought to 
continue in Motion , until fome external and 
particular Caufe determine it to reft. 

Rule IL A Body that is moved defcribes, 
or tends to defcribe, a ftrait Line. 

Rule III. A Body carried by different Im- 
preffions towards diflFerent Points, or which 
has divers Determinations, yields to them all in 
Proportion to their Forces. 

Rule IV, Motion that is loft, is loft by 
Communication. 

All thefe Rules are equally obferved both in 
hard, elaftic and foft Bodies. 

^IJl. But what is the Caufe of the Hard- 
nefs, Elafticity, and Softneis of Bodicss? 

EuJ. This is a difficult Subjeâ which de<- 
ferves to be thought on before one pretend to 
" of ic 
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Conversation IX. 

Upon the Hardnefiy Elaftictty and Soft- 

nefs of Bodies f 

End. T 7f 7 E LL, Jirijlui^ what is theHard.^ 
Y V ^^ X of Bodies according to 
your Judgment ? 

Arifi. It is the Refiftance of Bodies to the 
Divifion çf their Parts. But whence this^ ]^e- 

fiftancç 

J All Bodies that are perceived^ by our Senfcs, confift of very 
finall Parts; ^o one of which is indivifible of itfelfj' but all of 
^cm arc in Refpeft to us : For all the Divifion we can niake is 
only a Separation of Parts. When a great Force is rojuired ta 
make fuc^ a Divifion» a Body is laid to be bard. 

If the Parts yield more cafilyi and feft in by being prcflfed, fiich 
a Body is faid to ht foft. ' 

But thifi great and lefi!er Force in the common Signification, 
determine nothing ; for a Body that is hard in Refpeft to one^ 
Man, feems foft to another. " ^ * 

pefim I. A Body is {aid to be bard, m a Philoipphical Senfe, 
when its farts do not alter ibeir Situation with Regard to one an-^ 
other upon any Force imprejfeâ. • ' •• 

. Defin, 2. A Bodv is faid to ht/ofi, in a Philofophical Senfe, 
tffhen its Parts yield inwards, and fiip in upon one another ^ even 
tboiigh it may require a Blozo with a Hammer to do it, 

Dejin. 3. A Body whofe Parts yield to any Impreffion, and 
by yielding are eafily moved, in RefpeA to each other, is called 
A Tluid. 

All thefe Things depend upon the Cohefion of Parts, the clofer 
ihat.Cohdio^ is, the nearer .a ]{ody approaches to perfect ^Hard- 
néÈ. * ' 


Bat 
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fiftance proceeds, and what occafions the Hard- 
nefs of Bodies, I acknowledge I do not eafily 
underftand. 

Eud. 

But the Hardnefs of the fmalleft P^rts does not dliFer.fh>m 
their Solidity, it is an cffential Property of a Body, which is no 
more to be explained, than why a Body is extended, or a Mind 
thinks. 

. {t is uncertain whether all Bodies confifl of Parts that are equal 
and alike : And there are alfo feveral Things very difficult in Re- 
lation to the Caufe of the Cohefion of the fmafl Parts of Bodies. * 

It is a particular Law of Cohefioi^, that all the Parts have an 
attraSive Force. 

Dejin. 4. By the Word AttraRion I underftand, that Proper- 
ty hy tobicb two Bodies tend towards each other y without external- 
Force. 

But ihzt AttraSiion is fubje<fl to thefe Laws; that it is very 
great in the very Contait of the Farts ; and that it fuddenly de- 
creafisy infomuch that it aSis no more at the leaft fenfible Diftance\ 
najy Ht a greater Dtftance it is changed into a repellent Force, ky 
which the F articles fiy from each other. 

We fee that in dl Liquors all the Parts attra£l one another, 
from the fpherical Figure that the Drops always have ; and alfb 
becaufe there is no Liquor whofe Parts are not flicking to one 
another, which is evidently true even in Mercury itfelf. Befides,. 
in all Liquids, two Drops, as fbon as they touch one another ever 
fo little, inunediately run into one larger Drop. All which 
Things, as they alfo happen in liquified Metals, it follows, that 
the Parts of which they are compounded do attraft one another, 
even when they are disjoined by the Motion of the Fire. 

Thefe Appearances do not depend upon the Prefîùre of the 
Air, becaufe they alfb happen where there is no Air ; neither do 
they depend upon the PrefTure of any other Matter equally from 
all Sides ; for though fuch a Preflure is able to keep the Drops to 
their fpherical Figure, it can by do Means bring them to it at 
liriL 

DeJin, 5. Elafticity of Bodies,, namely, that Property whereby 
they return to their former Figure, when it has been altered by any 
Force: This is eaply deduced from what has been /aid: For if a 
compaA Body be dented in without the Parts falling into that 
Dent, the Body will return to its former Figure,' from the mu- 
tual Attraélion of its Parts. 

I 4 Now 
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. Eud. Hear then my Scntîmem upon that 
Head. Hard and fenfibie Bodies have their 
perceptible and imperceptible Parts. The fif ft 
are compounded of the laft. Both the one 
and the other have their Hardnefs; whence 
pr<x:ced8, at Icaft ifl Part, the Hardnefe of fen- 
fibie Bodies. 

I. Whence proceeds the Hardr^efs of the 
imperceptible Parts? From the relative Reft 
of their I^articles, purpofçly preJferved by the 
general Caufe, or the Will of God, until fbmc 
foreign and particular Caufe come with a cer- 
tain Pegree of Force to divide them. The 
Hardnefs of the imperceptible Parts proceeds 
from this Principle i or from their own Na- 
ture^ Or from the Preffurc of fome fubtile and 
fine Matter, which fur rounds them Now it 
does not proceed from the Nature of the im- 

Now left any one fliould imagine^ becaofe wc do Dot give the 
Caufe of the 4i<i Attradion and Rtjpulfion> that thtjr muft be 
lookc4 upon as oicuU ^aiitks; Wc fey here with Sir IJaiH 
tiemofft ". That wc confidcr thofe Principles not as occult Qua* 
** lities, which are fuppôfed to arife from the fpecifick Forms of 
'* Things^ but as univeHkl Laws erf" Nature^ by which the Things 
". themfelves a/e formed: For the Ph^enomena of Nature ihew, 
** that there are really façh Principles, though it has not been yet 
** explained what their Caufes are. To affirm that the fcveral 
*^ Species of Things have occult ij)eçifick Qîjàlitics, by which they 
" att with a certain Force^ is juft &ying nothing. But from two 
*• or three f haenomena of Nature to deduce general Principles of 
'^ Motion, and then expjaln in what Manner the Properties aiid 
** Aérions bf all Things follow from thofe Principles, would be ■ 
" a great Px;ogrefs made in Philofophy, though the Caufes of 
'* thofe Principles ihodd oot yet be knotnii''. J^è^ GrAvefasdfi 
Clements ^ B. I. c. 5. 

, . . perceptible 


On the Hardnefsy &c.- of Bodies. 121 

perceptible Parts ; one (ees no Hirdnefs in their 
Idet, and the Particles yet more minute^ of 
which they are compounded , are them&lves 
perfeâly indiâerenc as to their remaining» or 
not, near one another. Neither does it pro*, 
ceed from a more fubtile and fine Matter which 
forrounds them. For, in ihort, it is proba- 
Ue dmt this fubtileand fine Matter has its owli 
Hardneis : But whence fhould it have it ? We 
vasoSt run up to Infinity; Befides, ail the Par* 
tides of the imperceptible Parts, would, with* 
out any DifHculty, run horizontally upon one 
another, as one poliihed Marble upon another* 
The Hardnefs then of the imperceptible Parts 
proceeds from the relative Refl of their Parti* 
cles, fuch as I have faid. i In (hort, there can 
be no other Principle of Hardnefs, and with* 
out Hardnefs there can be no Univerfe. 

2» Whence proceeds the Hardneâ of the 
fenfîble Parts ? Frc»n the firm, Jfolid and une* 
quai Texture of the imperceptible Parts. The 
imperceptible Parts inchafed after à Thoufand 
Manners, and crowded into one another, make 
the feniible Parts; the Hardnefs of the imper* 
ceptible Parts» inchafed and intangled after this 
Fafhion, obflrudt their Divifion : Hence the - 
Hardnefs of the fenfible Parts, compofed of a 
Téitture of imperceptible Parts. 

3. Laflly, the perceptible and hard Parts 
having divers Figures, and being inteTwoven 
with one atiotber^ cannot be divided without the^ 
broking of an infinite Number of fmall, im- 

perceptible 
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perceptible and hard Pares. From the Conca^ 
tenation of thefe ienfible Parts, feconded by the 
fluid or fubtiie Matter , and. Air which fur- 
round them, preffing them on ail Sides toward 
a common Center, proceeds the HardneÊ of 
ienfible Bodies. 

Arijl. According to your Sentiment the 
Hardnefs of die imperceptible Parts proceeds 
immediately from the relative Reft of their 
Particles, the Hardneis of the ienfible Parts 
from the Texture of the imperceptible, and 
the Hardnefs of entire Bodies from the Conca- 
tenation of the fenfible Parts and PrefTure of 
the Fluid which furround them. This is to 
explain, after a probable Manner, a Thing dif- 
ficult to comprehend ; and this makes me im- 
patient to know what you think of the Elafti-, 
city of Bodies. 

Eud. The Aâion of foreign Force, the Ef- 
fort of the Hand for Example, bends a Plate 
of Steel, comprefles a Foot-Ball, bends a Bow, 
&c. Should this Aftion ceaie, the Bodies re- 
fume of themfelves, as it were, their form^er. 
Figure $ and that which mak^ them refume 
it as of themfelves, is what they call the Spring, 
or elaftic Force. What then is the Elafticity- 
of Bodies? It is that which makes them re- 
fume as of themfelves that Figure which Ipme. 
foreign Force had taken from them.. 

Ariji. But the Figure. whicK folded, com- ' 
prefled, and bended Bodies, fcpm. to refume of 

then):,; 
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themfelves, do they really, refume it of them- 
felves ? 

Eud. No ; for being of themfelves only a 
Portion of Extenfion , they arc no lefs indiflfe- 
rent to fuch or fuch a Figure, than to fuch or 
fuch a Direâion ; they are neither for a fquare 
Figure, nor ifor a round one; the Figure which 
Compreffion gives them fits and accomodates 
them, as v^^ejl as that which it takes away 
from them. 

^iji. Therefore fome external Caufe muft 
reftore to them, and oblige them to refume 
the Figure which they have loft by the PreP- 
fure. But what is this external Caufe? The 
fobtile Matter, without doubt. 

Eud. It is the fubtile Matter or the Air, as 
we have obferved already. It is an impercep- 
tible Body ; it is, I fay, a Body; for it is fome- 
thing that ftrikes, touches and modifies : And 
this Body is imperceptible ; the Senfcs do not 
perceive it. But it is not the Air, the Air it- 
felf has its own Spring , as Experience {hews. 
In a Foot-Ball the Air is comprefled an hun- 
dred Times more than in its natural State. It 
refumes its former Figure, and it refumes it 
only becaufe it is reftored to it: For it has no 
Intereft to refume it, it is very indifferent to 
k. Therefore the fubtile Matter is the exter- 
nal Caufe whichreftores to comprefled Bodies, 
that Figure which the Preffure had taken from 
tliem. Not but the Air, which has its Spring, 
and which finds itfelf (hut up in the contraâr- 
" ^ cd 
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cd Porcs of other Bodies bended or comprei^ 
fed, contributes immediately, by Virtue of its 
Spring, to reftore them to their former Fi- 

§ure: But it is the fubtile Matter which iets 
lis Spring a-going. 

Ariji. But bow does fubtile Matter reftorip 
to Bodies the Figure which they had loft ? 

Eud. In Compreflion the Parts are bowed, 
the Pores of the Concave Surface are contra<Sl- 
ed, and the Pores of the convex Surface are 
enlarged. The fubtile Matter, which is in a 
violent Agitation, paffîng from the laft into 
the firft accelerates its Motion, to the End 
that what pailes through the larges Pores, may 
pais in equal Times through thoie which are 
more ftrait^ this Acceleration of Motion opens 
and dilates the contraâed Pores, both of the 
Air, if any be met with, and alfo of the Body 
which contains it. The contraded Pores can*^ 
not be dilated without the Cpntraâion of thç 
enlarged ones; thofef cannot be dilated, iior 
theie contraâed, without the comprei^ Bo* 
dies being rcftored to their former State: 
Thus the fubtile Matter reftores them to their 
former Figure, much after the faipc Manner 
as the Humidity imbibed into an extended 
Rope, but ibnewhat crooked, makes it ftrait \ 
pr as Water that is filtred in a comprefTed 
Spcffige , does extend and reft<M'e k to its na<- 
tural Situation. 

The fubtile Matter may contribute farther 
to re-eftabliih compreif^ and curved Bodies 
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in their firft State , by flowing from one Esr^ 
tremity to another 5 as the ^ir, which we 
caufe to enter with fome EfFcx't into a flexible 
and crooked Pipe, makes it change its Figure, 
and ftreightenfi ic 

jirifi. I conceive perfeâly well, and approve 
your Smtiment. The Ââion of die Ribtilê 
Matter, which runs with fome Acceleration 
of Motion into the Potcs contraâed by Com- 
preffion , is the external Caufe which makes 
the %ricig play, or unbends it. But befide 
the Ââion of the fubtile Matter, mufl there 
not moreover be an internal Caufe, or fome 
particukr Dkpofition on the Part of the Body? 

Eu J. That the Body may be rendered ek- 
ftic, there muft be a certain Flexibility of 
Parts, a certain Stifihefs orHardnefs, and Pores 
neither too fmall» nor too large. There rmift 
be I. a certain Flexibility of Parts; otherwife 
the Body cannot be compreâèd, nor confer 
quently dilated. 2. A certain StifFnefs or Hard* 
ne& s without this the âibtile Matter maldng 
new Parages for itfelf too freely, would nei- 
ther open nor enlarge the contraôed Poresi 
3. Pores which are not too fmall, to give Ac- 
ee& to the Ââion of the fubtile Matter. 4. 
Laflly, Pores which are not too large, kfl the 
fubtile Matter pais through without making any 
Effort to enlarge them. 

jiri^. Your Sentiment concerning Elafticity 
IS perfeftly agToeable to the Idea which I had 
formed to my felf in reading M. Dejcartes^ 

and 
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and M. Robault ; and nothing, I think, is iborà 
happy for explaining the furprizing Effeâs of 
Ekfticity, and whatever relates to it- 

Eud. Let us makie a Trial of iti The Force 
of Elafticity is acquired, augmented, dimihifh'- 
4ed and loft. Whence proceed thefe Changes^ 
which are to Philofophcrs fo many Species of 
Miracles of Nature ? 

Ariji. I. If the Pores, which wiere too 
largej are contracted, or thofe which ,were too 
fmall are enlarged, the fubtile^ Matter begins to 
pafs with feme Violence through the one and 
the Other; its Action dilates and extends tliem; 
and thus you have fome acquired Force of 
Elafticity. . , , 

2. Let thé côntrafted Pbrés be contraôéd 
yet more, or let the enlarged Pores be. ftill 
more enlarged, there paiTes nxore fubdle Mat-? 
ter through the laft, andit paffes with a great- 
er Effort through the firft, and thus the Spring 
is augmented. 

3. Are the Pores a little too much con- 
traâed, or too much enlarged? There pafies 
too little fubtile Matter through the one, and 
it paffes too eafily through the other; its Ef- 
fort is abated, and thus the Spring is dimi- 
nifhed. • 

4. Does the Excefs of Contraétion, or of Di- 
latation, proceed to a certain Point ? The fubtile 
Matter finds no more Paffage , or at leaft it 
paflcs without Effort, without dilating or ex- 
tending 
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tending the Iiiterftices ; and thus the Spring is 
loft. 

Eud. After this one may prefently compre- 
hend why Lead, foft Wax, and foft Bodies, 
have fo little Elafticity. 

jiriji. That is becaufe thofe Bodies having 
too flexible Parts, or too great Pores, give too 
free a Pailàge to the fubtUe Matter. 

Eud. But Steel, which has never been tem- 
pered, has however ftifFParcs, and yet but lit- 
tle Spring. 

Ariji. This Steel has little Spring, becaufb 
the Corpufcles of Fire, for want of tempering, 
have been too long Time agitated in its Pores, 
and have too much enlarged them by the Con- 
tinuance of their Agimtion. 

Eud. By a contrary Reafbn tempered Steel 
ought to have much more Eiafticio^. 

Arifi. Without doubt, becaufe the Liquor 
has contracted its Pores, and extinguifhed the 
Corpufcles of Fire. 

Eud. But why does the very tempering it- 
felf give litde Elafticity to Steel that is too 
hot? 

AriJi. Becaufe then the Excefs of Heat, not* 
withftanding the Liquor which cools the Steel, 
renders its Pores fomething too large. 

End. Beat the Steel, and its Spring is im- 
proved. 

Arifi. One fees the Reafon of that immedi- 
ately, the Pores. whith were too large are conr 
traded. 

Eud. 
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Eud. But why does die Steel lofe this ac- 
quired Force fo quickly in a Fire too violent? 
^^^. Becaufe the exceâive Agitation of the 
Corpufcles c£ Fire enlarges its Pores too much* 
Thus in order to give Elafticity to the Steel 
in the cemperkig, there maft be a certain De- 
gree of Heat. A 

Eud.^ Thus the Elafticity of Seed feems to 
ho handfomiy expbined. Bot why lias gteen 
Wood fo much Elafticity, in Comparifbn of 
Wood that is dry and Worm-eaten? 

^iji. Becaufe the fubtile Matter by Virtue 
of its pafting through the Internees of Wood 
IDO dry and worm^eat^ has therein made k- 
iblf more free Paâages than in the green 
Wood, and by much too free» It finds in die 
Pores of the green Wood a Liquor, ^ices and 
ObftacleS) which it dbes not meet widi in thac 
vhich is old and Worm-eaten. 

Eud. I fee idiac you are about co fay of a 
Bow, which unbends, as it were, of itfelf, or 
lofes its Elafticity, by Reafon of its having been 
trended too long a Time. 

^rifi. When the Bow is bended, the Pores 
which are toward the convex Surâure are en- 
larged, and dide which are toward the con^ 
cave Surface are contraâed. . Leave the Bow 
at Liberty to unbend icMf : The fubtile Matter 
which glides through the large Pores accele- 
rates its Motion, iniinuates itfelf, and flows 
with Violence into the imaUer ones. Thefe 
are dilated, and thoie contracted proportional- 
ly; 
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lyj the -Bow is unbended. Has it'bcen toa 
long Time bended? The fubtilc Matter, by 
Means of its ftriking againft the clofed Pores, 
or againft the folid Parts, has made itfelf a free ' 
Çaflage.. Frpna^ the Time that it paflTes freely, 
it niakes no more Effort to enlarge the Inter- ^ 
ftices. Hdnce no taore Spring, and the Bow 
refufes to (hoot the Arrow. 

Eud. The Soring of the Air ought, I thinks 
to be finally loft; or diminished at leaft a$ well 
as that of a bended Bow. However it. is nei- 
ther loft nor dilninifhed, A Portion of Air jcx- 
traordinaf ily compreffed, appeared .ftill to have 
the fame Force of Elafticity after 1 6 Years 
Preflure'^. - . 

Arifi. The Elafticity * of the Air ought not 
to be changed like that of mixed Bodies : For 
I. The Air; being a more fimple Body has not 
fo many Interftices, it does not furnifti foma^ 
ny new.Paflages to»the fubtile Mattar.' 

. a. As. the Pores of the Air are very ftmir, 
the fubtile Matter does nos pafs through them 
charged with foreign Corpufcles, which con- 
tribute very much to caufe an Alteration ia 
more grofs Bodies. ^ 

3. The Particles of the comprefled Air be- 
ing interwoven with one another, and ftraitly 
united, afford lefe Accefs to the fubtile Matter, 
and the fubtile Matter makes itfelf new Paflà- 
ges with greater Difficulty. • Hence the Spring 

« Hift. deTAdid. 1695. p. 368. ♦ Sec Con VE It s at. XXIII. 
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of the Air ought j:û be pireferved û Isftger Tinife 
It is aâually preferved a longer Tixnë, and af- 
ter 16 Years Comprcffion in a kind of Fufec, 
it is. ftill found in a Condition to drive out a 
Ballwith Violence, and convey Death to 30 
Paecs^ Diftance, : 

Eudv^ When one krtows thus .far the Proper- 
ties of Elafticity, one knows the (éùttt Piriricl- 
ple which. animates a Watch, if Ï 'n^ay fpeak fo. 
. ^ri^. This, fecret Principle is the spring of 
a thin Plate of Steel rolled up t»p(*i itfelf in 
thff Forrii of a fpiral Liiie, and înèlôied- in thé 
Barrel of the Waich. This Pkte-hàs une-^ 
qual Pores. Thofe of the concave Surface are 
lefs, as in the bent Bow. Thofe of the con- 
vex Surface are bigger. The fubtile Matter 
which runs eafily in the bigger Pores, meeting 
with Obftacles in the lefe, daflies againft and 
ilrikes them, by its repeated Blows opens à 
PafTage for itfelf, and accelerates its Mbtioiib 
This redoubled IVIotion feparates the oppofile 
Parts of the Pores, and dilates them, and thus 
gradually the Plate of Steel is unwound. The 
^ Effort of the Matter which endeavours to flow 
in a right Line, according, to the fécond Rule, 
froià one Extremity of the Plate to another, 
affills the Explication. The fmall Chain, which 
penetrates into the Barrel, receives its Motion 
from the Spring that is Unfolded, and commu- 
nicates it to the Wheels of the Watch. The 
Hand of the Watch, which is fixed to the Ax- 
lertree of the Wheel that moves moft flowly, 

v goes 
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goes about alfo after an imperceptible Mmr 
jicr, ;and bv its infenfible Motion, marks w 
the divers Moments of that Life, which paf- 
fes aw?iy as imperceptibly as the Motion of the 
Hand itfelt 

Eud. I am delighted to fee yoij ^ifcover 
how Nature produces the aftoniïhing "Çffeds 
of Elailicjty. But let us ,at laft fay jfoi^èlhing 
of the Softnefs of Bodies. 

j^riji. I always find a new Pleafurc ^n hear- 
ing you upon a new Subjeft. 
• Eu J. They call foft Bodies, Bodies which 
are eafily compreflcd without endeavouring, at 

. leaft in a vifible Manner» to refume jtiheir for7 
iper Figure. What then is the Softne^ of Bo^ 
dies? The Facility which their Parts- have to 
be loofed from , and to move upon one aiir 
other, without any fenfible Efibrt to /rçftorc 
themfelves to their former Situation. Whence 
finally proceeds this Facility , this particular 
Difpofition ? From the polimed Surface of the 
infenfible Parts, and from the Adtion of thp 
fubtile Matter, which running through a 
!Ehoufand and Thoufand Places in the foft Bo- 

^ dies, moves, agitates and (hake their Parts, fo 
that the moved, fhaken and agitated Parts 
which are attached to one another by very 
fmall Surfaces, can be broken, loofed, and 
Hide upon one another j without any Thing 
obliging them to refurne ^heir former Situati- 
on; bccaufe if the fubtile Matter find fome 
PafTages flopped, it finds others free, or makes 

Kz itfelf 
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îtfelf lômc new ones without any Obftrudïort* 
Hence foft Wax immediately aflumes under 
the Hand, and retains indifferently all Sorts of 
Figuf-es ; and you may fee the Figures of Ty- 
jers and Lions upon Confections equally fweer, 
[oft and delicious. 

Let us conclude our Converfation with an 
Experiment. Run two Pins into the two Ex- 
tremities of a Stick about three Foot long, dry 
and as large as your Arm. Place two Glaffcs 
half full of Water upon two Tables of equal 
Height, about three Foot diftant from one an« 
other. Put the Stick in an horizontal Situati- 
on, fo that the two Pins may reft upon the 
Brims of the two Glaflcs. Strike the Middle of 
the Stick violently, and you may fee it broken 
cleanly not with ftanding its Bignefs, without 
breaking the GlafTes, however brittle they be. 
If the two Extremities of the Stick fefted up- 
on two Threads hung up perpendicularly, we 
might fee the like Effeft. Why is the Stick 
broken ? 

A'ijl. The Middle of the Stick, the Point 
ftruck is comprefTed, and immediately receivfes 
a fudden Impreffion of the Blow. It pafTes to 
the Extremities but fucceffively, and by a great 
Kumber of Parts which receive it the one af- 
ter the other, and the one from the other, like 
fo many elaftick Bodies ranged upon the fame 
Line. Hence it is that the Middle, the Point 
.ftruck yields immediately, and before the reft: 
And thus the Stick is broken. • 

It 
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It is not broken without obferving pundu- 
ally the Laws of Nature. It takes the moft 
eafie Courfe. To avoid breaking, notwith- 
ftanding the Effort of the Blow, it muft have 
yielded and dcfcended with the fame Velocity, 
or much the fame, in all its Length. But in 
order to yield at that Rate, more Force muft 
have been ufed. It muft have driven away 
with the fame Velocity a Mafs of Air as large 
aild long as the Stick j which would have re- 
quired more Force. The Force ought to in- 
creafe in Proportion, when a greater Mafs is 
to be moved with the fame Velocity. 

lË»ud. But why are not the GlafTes broken ? 
Why do not the two Threads that are fufpend- 
cd break afunder ? 

Arifi. When the violent, but fuccefSVe Im- 
prefîîon readies the two Extremities of the 
Stick, they are elevated both the one and the 
other, in jProportioa as the Middle yields and 
defcends in the Fraâiure ; and this Elevation • 
removes from the GlafTes or fufpended Threads 
that Impreiîîon which might break in Pieces 
the one, and break afunder the other. 

Eud. All Bodies, hard, elaftic and foft, of- 
ten ftrike againft one another; and in this they 
always obferve fome particular Rules, which 
well defer ve a particular Con^erfatioa, 
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Conversation X* 

Upon the Rules of the PercuJJion of hard 

Bodies. 

Arijl. % J RAY, EudoxuSy endeavour to make 
\ me underftand thofe Laws of Na- 
çurç,- ib- exaôly obferved in the Percuflion of 
Hodics, 

Eud. In order to dlfcover and conceive thofb 
Laws or Rules the more eafily : 

J. Let us fuppofe that hard Bodies are per- 
feâily hard, elaftick Bodies perfeâly elaftick, 
and foft Bodies perfeâly foft. I call perfeâly 
hard Bodies, Bodies incapable of changing Fi- 
gure by a Stroke. I call thofe perfeâly ela- 
ftick Bodies, in which the Force of ur^bend- 
ing is equal to that of bending. By perfeâly 
foft Bodies I underftand, Bodies which are 
flatted by the Stroke without reftoring them- 
felves in any Manner. 

2. Let us examine the Stroke of two Bodies 
of the fame Species, of two ivory Billiard- 
Balls. Let us fuppofe tHat the Stroke of thofe 
two Bodies happens diredly, and in a free 
Medium^ or fuch as gives no Obftacle to their 

' Motion, 
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MptioQ, and which takâs noching from their 
Fore?. 

3. Let u^.t^e Notice that in the Stroke the 
Force ' of Percuflion anfwers to the Reûftance; 
fince a Body pioyed hgs np Liberty, no Aim, 
and the Queftion is about its making Way for 
itfclf to continue in Motion according to the 
fame Diredlion. 

4. Laftly let us confider the Stroke of Sa- 
dies in three different Calbs; i. When a Body 
moved ftrikes againft a Body in Reft. 2. When 
a Body that has more Velocity overtakes a 
-flower Body that goes before it. 3. When 
two Bodies meet one another wich oppofite 
Forces equal or unequal. 

Arift. What ought to happen in thole three 
C^fes, to hard, elaftick, and Sok Bodies ? 

End. Let us fpeak ârft of the Stroke of hard 
iSodics. 

Rule L 

Jfa Éqdy in Motion firike another at Reji^ it 

puts it into Motion. 

% 

The Body ftruck is moved after the Stroke, 
or elfe refifts the Force which ftrikes it : But 
it does not refift this Force neither of itfelf^ 
iince of itfelf it has no EjSicaçy, and is in an 
entire Indifferency as to Motion or Reft; nor 
ty any Property of Reft, fince Reft which is 
f}Qt fiiiçeptiblç of piore or leis is incapable of 

K4 refifts 
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rcfiftîng Motion, whofe Velocity is fufceptible 
of Degrees multiplied in infinitum: Confc- 
quently the Body ftruck is moved after the 
Stroke. Therefore a Body moved, which 
ftrikcs another in Reft, puts it into Motion. 

R U L E IL 

A Body in Motion^ which moves another at Reft, 
imparts to it of its Force in Proportion to 
the two Majfes. 

A Body moved, which ftrikes a Body in 
Reft, imparts to it fo much of its Force pre^ 
cifely as is neceflàry to remove the Obftaclc 
which proceeds from the Impenetrability of 
the Body ftruck, and in vain would it impart 
more or lefs. Now to remove this Obftaclc 
there muft be imparted, and it is fufficient to 
impart a Force to the Body at Reft, in Propor- 
tion to the two Mailes. Then the equal and 
determinate Parts of. the two Bodies., having 
equal Forces, ought to go both together with 
the fame Dircdtion and with equal Velocities, 
without the one ftaying or retarding the Moti- 
4on of the other. Therefore a Body moved, 
which moves a Body in Reft, imparts a Force 
to it in Proi|)ortioh to the two MafTes. 
• In a Word, feparatc the two Bodies into e- 
qual Parts, and divide the Motion into as ma- 
ny-equal Parts; then impart to the equal Parrs 
of the two Bodies equal Quantities of Motion: 

Such 
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Such is the Diftributîon of Motion in the 
Stroke of a Body in Reft. Hence if the Body 
which ftrikcs it is equal in Mafs, it impiit-ts 
one half of its Force. ^ Is it fubduple ? It im- 
parts two Thirds. Is it double? It imparts one 
Third, fSc. 

• 
* * 

Rule m. 

If a 3oJy which has more Velocity^ flrike an^ 
ether that goes before if y it will difiribute its 
Excejs in Proportion to the two Majfesi and 
after the Stroke they will bot h go together with 
the fame Velocity. 

If the firft impinged againft the fécond ia 
Reft, with a Quantity of Motion equal to its 
Excefs of Velocity , it would diftribute this 
Quantity of Motion in Proportion to the two 
Mailes by the fécond Rule. But this is as if it 
found it in Reft with a Quantity of Motion e- 
qual to its Excefè of Velocity : For there is 
no Regard to be had in the Stroke to the com- 
mon Velocity, or that which is found alike in 
both Bodies. It is nothing in Regard of the 
Percuffion, becaufe it is fo far from contribu- 
ting towards it, that it fnatches away one Body 
from the Stroke of another : Therefore, &c. 


Rule 
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Ruj-E IV- 

If two Bodies firih me another with contrary 
and equal Forces^ what will happen? Tbày 
will be reJleBed with the fame Foresee 

They muft be rcfleâed after this Manner, 
or they muft lofe their Forces in the^Stroke ; 
W {horf, they will not go forward, fince h^» 
v^Qg oppofite and eqpal Forces, they can nei- 
ger overcome nor yield: Now they will not 
lofe their Force by die fourth general Rule, 
fince they will communicate none of k : To 
communicate it, is to prevail; and neither the 
one nor the other will h^ viâorious. There- 
^re they will be rcfledted with the iào^ 
Forces. 

Rule V. 

Jf two Bodies Jlrike one another with contrary 
Dlre&ions and unequal Forces^ they will go 
after the Stroke tmvard the fame Place^ ac^ 
cording to the Direction of thejironger. 

The ftronger will continue to move in the 
^mc Direâion^ fince being ftronger it ought 
to prevail, and if it communicate of its Ex- 
pefs of Force, it will only . diftribute it in-Pror 
portion to the two MalTes to remove all Ob- 
ftaeles to its Direction. The weaker will re-r 

9, • 
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• turn back again. In a Word, it ought to go 
forward, or reft, or be refleâed. It will not 
go forward ; for being the weaker, it cannot 
overcome the ftronger, wbich oppofes to it its 
Impenetrability. It will not reft, fince by the 
fame Reafon it will communicate nothing, and 

• confequently will lofe nothing of its Force. 
Therefore it muft return back. Now the 

- ftronger cannot move with the falne Dire<ftion, 

• and the weaker be refleâed after the Stroke, 
but that they muft both go towaird the fan^ 
Place, following the Direâion of the ftronger : 
Therefore, â?r, 

Ariji. But if the weaker have precifciy ib 
much Velocity before the Stroke as the ftxQOg- 
cr has,' what ought to happen ? 

EuîL The weaker ought to be refleaed with 
the fame Velocity precifely, fince it is fuffid- 
ent and neceflary for removing all Obftacle to 
the Motion of the ftrongen 

AriJi. What if the Velocity of the weaker 
do not equal the Velocity of the ftronger be- 
fore the Stroke ? - 

Eàd. The weaker will have more Velocity 
after the Stroke, than it had before k : It nauft 
have at leaft as much as the ftronger, that it 
may go before it ; otherwife it would refift by 
its impenetrability, and would be the weaker 
•without being fo. 

Arifl. But finally, what if the weaker have 
more- Velocity before theStrpke? 

End. 
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Eud. Let us begin with fome Ohfervadoos, 

1. Elafticity is the Force which makes 8 
Body changed as to its Figure, refume it a^ of 
ètfelf. In order to refume it there muft be A 
J'orce equal to that which changed it. There*- 
ibr^ the Force by which an elaftic Body is re*- 
•!ftofed, is equal to that which changed, flatted^ 
or |)t(eflèd it in. 

2. When an elaftic Body rcftores itfelf, it 
repels with all its Force the Body which ftriick 
it. Therefore it thrufts it back with a Force 
equal to that which (truck it; therefore it en- 
deavours to reftore it its former Velocity, but 
with an oppofite Direction. 

3. Here I diftinguifh two Forces, or two 
Motions, the one diredt, the other elaftic* . I 
call the direâ: Motion, that by which an ela- 
ftic Body ftrikes another at firft. I call the 
elaftic Motion, that which proceeds from the 
Spring , an4 by which a Body flatted in the 
Stroke refumes the Figure which . it loft. 

4. In two Bodies, which are reftored after 
the Stroke, the two elaftic Motions being 
contrary, they are reflefted by one another to-^ 
ward oppofite Parts. For which Reafon in a 
Body, which ftrikes and communicates its di- 
reâ; Motion, the elaftic Motion is contrary to 
the direfl: Motion, which this Body preferves j 
in the Body ftruck, which receives direct Mo- 
tion from the other, the elaftic Motion favours 
the direct Motion. 

Finally, 
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Filially, let us give two Balls, two elaftic 
Bodies, the Names of Band C. ThefeNamefr 
expreis nothing ufele&, and yet are as fignifi-» 
cant as the tnoft harmonôoœ and comprehen- 
five Names* 

i 

R U L E L 

^Jlrikes C equal and at refl: What happens? 
In this HypotheJiSy C being Jlruck^ is moved 
in its Turn with ifs much rone as B baa be-- 
fore the Stroke^- and B r^s. 

1. C being ftruck moves with as much 
Force, as B had before the Stroke. C cannot 
receive from B the half of its diredl Motion, 
being doubled by the Power of the Spring, 
without moving with as much Force as B had 
before the Stroke. Now C being equal and at 
Reft, receives from B the half of its direfl: 
Motion, in order to remove all Obftacle, bv 
the fécond Rule of hard Bodies ; and this half 
of the Motion is doubled by the Force of the 
Spring, fince the elaftic Motion anfwers to the 
Compreffion, the Compreffion to the Percufli- 
on, and the Percuffion to the diredl Motion 
communicated in the Stroke, and the elaftic 
Motion in the Body ftruck, féconds the direâ: 
Motion. Therefore, Gfr. 

2. B refts after the Stroke. A Body which 
unites two equal and contrary Forces is ftbpt 
and refts, becaufe it cannot comply with both, 
nor yield to the one rather than the other, 

and 
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and becauie thofe two Forces are lofl in the 
imperceptible Parts> or are infbnfibly difFufed 
into the Air. Now B reunites two equal and 
contrary Forces, namely, the half of the di- 
reâ Force, and an equal and oppofice elaftic 
Force : For the elaffic Force of the Body which 
flrikes, is refleâcd. by the elaftic Force of the 
other, with a Dircftion contrary to that of the 
direâ: Force. Therefore B refts after the 
Stroke, fo that the Truth of the Rule is obvi- 
ous to the Eye, 

A^iji. Confequcndy if Ê h moved before 
the Stroke with fix Degrees of Force, C wîU 
have fix after the Stroke , three of the direâ 
Force, àhd three of the elaftic Force i and B 
in its Turil Will temain without Motion. 

I think I apprehend in this Principle, Eu^ 
doxuSy the Reafon of à pretty fingular Faâ. 
Upon a Plane, and upon a ftrait Line, I range 
five or fix Balls equal and contiguous : One 
Ball, which fingly ftrikes the firft of thefc 
ranged Balls, makes the laft predfely to move 
away. If tvvo Balls which touch one another, 
go together to ftrike the firft, you may fee 
the two laft move away. Three of them 
make three to move away, &c. Why I The 
Ball, which goes alone to ftrike the firft of the 
ranged Balls, beftows on it the half of its 
Force doubled by the Efficacy of the Spring, 
lofes the reft by the Oppofition of its owa 
elaftic Force reflefted by the Adlion of the 
Spring of the Ball that is ftruck, and ceafes to 

move. 
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faiavQv flftjsr the feme Maûœr as B wiiîch 
ftirikes C equal, and at Reft. The firft Bali 
being ftj[riick> ft^ikes the fécond after the fame 
TS/hïitktv^ »ad alfo lofe$ its Force, Gfc. Thé 
laft alone, which meets with no Ball ia its 
Way^^ reçeîvtî the whole ImpreiBon without 
iQQDfyiayhiçatiDg br lofîng ir^ aad moves a.wa^* 
IftloniEt* When two go to ftrike^ their In^re£^ 
ii^ns are fyçeeffiye. At ârft the Aâioaof thô 
fofmec paiTâs a» far aS the laft of the ranged 
Qalls; ac4 «Eidkea it run oiF; the Aâion of the: 
chW iimn^i^tely followi^ and makes the kil 
but one pafs off to accompany the laft, &c. 

RtrtE H. 

feud. If B i^«i^. gt(ater JHkè C ^/6è2^ /V 7ç4 
«zW at Refi^ they will bothg^ afief^ the Stroke 
toward the fame Place. 

Th«y will go, I fay, \vkk thé feme Dîreâi- 
ba afner the Stroke, if ^.preferves its dire(S 
Force 5 but B, no doubt, will preferve it. Tis 
true it will lofe what paffeà into Ç, and the 
contrairy etaftie Force ought to deftroy as much 
iagain : But as it will not give to C the half of 
ÎB Forcé being greater than Q but will only 
give precifely in Proportion to the two Mafles, 
àQ4 ^ the Force of the Spring will deftroy no 
tpiùft of it than is communicated, fince it an- 
fwers to the Force communicated j it ought td 

Yùh. I. L refetvi 
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rcfervc to itfelf fome Degrees in order to fol- 
low the Traces of C 

B being double, e. g. ftrikes, with a Force 
of fix Degrees, C being Subduple and at Reft; 
what will happen ? 

Jlri/i. According to your Principle B will 
impart two Degrees of Force to C; thefe two 
Degrees will be doubled by the Force of its 
Spring; B which will lofe thefe two Efegrces, 
ought moreover to. lofe other two by the con- 
trary Force of its Spring: Therefore B and 
C will go toward the fame Place, 5 with two 
Degrees, and C with four. 

Rule III. 

Eud. B goes from the Weft to ftrike C, beiî^ 
greater and at Refti what happens? B is 
tbruft back toward the Weft. 

It muft be thiuft back toward the Weft, if 
its elaftic Force be ftronger than the direâ 
Force which remains to it: But its elaftic 
Force is ftronger. For the elaftic Force an- 
fwers to the Motion communicated in the 
Stroke, and this Motion exceeds that which 
remains in B. B being the lefs ought to com- 
municate more than a half of its Force, fince 
it communicates of it in Proportion to the two 
Mafles. Therefore if B go to ftrike C, being 
greater and at Reft, it ought to be refleâed. 

Let 
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• Lçt ùs luppofe Ba Suhduple; it; has fix De- 
grees of Force, and.gbès to'ftrike C. ; • 
; j4riji. B will recoil with two Durées. For 
at firft it will impart four according to the 
Proportion of thé Maflès \ . Confequéntly the 
Motion of the Spring, which tends to drive it 
back, will' be of four Degrees. Of thofe four 
Degrees two will be cfeftroyed by the two op- 
pofite Degrecis of dîréâ Motion, which it re- 
tains. There will remain in B two Degrees 
of élaftic Force : Theirefdre it ought to return 
with two Dfegrces. 

Rule IV. 

Eud. If Cgo' beforey and B being equal^ but 
having more Velocity meet with it^ they will 
bath àontinue to go forward with the fame 

: DireSlion^' but will make an Exchange ofVe^ 
iocity. ' 

1. They will continue to go forward; for 
they will lofe nothing of their common Velo- 
city, fince it is no Way employed in the 
Stroke. If B and C have each two Degrees of 
common Velocity, the two Degrees of C will 
pafs into two Degrees of -B. 

2. They will make an Exchange of Veloci- 
ty, if after the Stroke B only retains its com- 
mon Velocity, and C have, befide its common 
Velocity, a Velocity equal to the, Excefs which 
was found in B before the Stroke: Now, i. 

L 2 B will 
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B will only prcferve its common Velocity; fof 
it will give an half of its Excefs of Velocity^ 
to remove the Obfbtde of Impenetrability, and 
will lofe the other half by the comrafjr Force 
of its Spring. 2. C, bêfide its common Velo- 
city, ought to have à Velocity equal to the Ex-^ 
cefs which was found in jB hetore the StVoke^ 
finçe it will receive the half of this Bxpeia 
doubled by the Force of its Sprii^. There- 
fore, ifC, Ç^c. r i 

This being gf anted; i£ C precede with four 
Degrees of Velocity, and B foHow vfÀh ï 2 De-» 
grées, what will happen ? 

^riji. B will inroiedi^tjsly communicate four 
Degrees to C, in order to remove the Obftacle 
of bnpenetrability, àmLtheiô&ur Degrees will 
be doublied by the Spring. Coniequendy C, 
which according to the Propoûtion had £mr 
before the Stroke, will have i^z. afeer the 
Stroke. Of the eight which remain to JS, af- 
ter it has given away four, it will lofe four de- 
ftroyed by the conti^aryi Fofcfe of its Spring. 
Therefore J9, which had i a before the. Sterokei 
wilj rfiçainbytfowr ; and iCjWhich had only ^>çff, 
will havç 1 2 after tHe Strioke.: Theceforcihcy. 
vrill continue to çiovc with the. fame 'Biroftir 
on> but with an Exchange of Velocity* ' 


I I : 


Rule 
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Rule V. 

B*l <i|^B mi C Jîri^e une another wùb con^ 
.. tr^ Dire^ioàs and equei Forces^ tbey will 
be repelled with thefafne Forces. 

They will be thruft back and refledtcd with 
the &lne. Forces^ if the "Efficacy of the Spring 
redore ihem^ after the Stroke, the Forces 
whidi thq^ fhall haVe loft ia the Stroke by the 
Compreflion ; for they will not move forward 
after the Stroke, fince they arc impenetrable, 
land Oïie cannot ôYercdmc:the other, having 
predfely equal Forces. But! the Efljcacy of 
the Spring will reftorè them the Foi'ces which 
they fljail iofe by. the ComprciBon in the 
Stroke^ fince this £âk^ anfwers to theCom* 

freûiob, as, the Compréffîon anfwers to the 
orce employed aod ts^mmunicated in the 
Stroke. Therefore if S and C fttikc one another 
with contrary Direâiotrs and equal Forces, 
they ^ill retbil with the Êune Forces. 

RutÉ VI. 

^B and C having equal Maffes firibe ^aga inji 
one another with unequal Forces^ (hey nioUt 
return interchat^ng their Forces, 

Foe u They will lofc their common Forcea 
îft çhç Strpkê by the Compreffioa or flatting i 
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but the Spring ought to reftore them with 
contrary Direétipps. 2. The ftronger will give 
the half of its Excefs to the weaker, in which 
the Force of the Spring will double it, while 
it will deflroy the other half in the ftrohgen 
Therefore if B and C, &c. 

Let B come with fix Degrees of Force, and 
Cwith two. 

jiriji. C ought to be refledfced with fix D^ 
grees, and B with twos for jthey will lofe by 
the Stroke , each two Degrees of commofi 
Force ; but the Spring will reftore them with 
contrary Diredtions. B will communicate two 
Degrees of the four of its Exce&. It will loib 
the other two by the contrary Force t>f the 
Spring. Confcquently it will have two pre- 
^ cifbly to return back. Befide its two Degrees 
of common Force, C will receive two by Com- 
munication, and theie two will be doubled by 
its Spring : Therefore C ought to return with 
fix Degrees of Force, and B with two. 

But if B and C ftrike one another with o- 
qual Velocities, having unequal Mafles ? 

Eu J. I. In this Hyptbefis the lefs will always 
recoil: For being the weaker it will ftrike 
with all its Force, and will lofe it all in the 
Stroke; but the Spring will reftore it to it for 
driving it back. Moreover it will fliare in the 
Excefs of the ftronger. Therefore it will al- 
ways recoil. 
■ 2. T[be greater willfometimes ceafe its Motion. 

It 
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le cannot have, after the.; Stroke, as mtuch 
diredl Force as elaftic, without refilling j two 
internal equal and contrary * Forces are null. 
But the greater will fometimes have, after the 
Stroke, as much diredt Force as elaftic. Let 
us fuppoib that B being triple comes with fix 
Degrees of Velocity, and C with fix. In this 
Hypothefis B ought to have, after the Stroke» 
a dired: Force, and an elafi:ic one, equal ^ For 
B having fix Degrees of Velocity, and three of 
Mafe, has 1 8 Degrees of Force, fince the Force 
is ,the Produft of the Mafe by the Velocity. Of 
the 1 8 it will lofe fix common, which the 
Spring will reflore it to make it recoil. Of 
the 12 which remain it will communicate 
three ; for being triple it will give it a fourth 
Part of its Force. There remain nine. Of 
thefe nine Degrees it will loie three, which are 
dellroyed by the contrary elaftic Force, which 
anfwers to the Force communicated : There- 
fore it will have fix Degrees of direft Force, 
and as we faid juft now, fix Degrees of contra** 
ry elaflic Force. Therefore the greater will 
ibmetimes have as muchdireâ, as elaftic Force 5 
therefore after the Stroke it will unite two c- 
quai and contrary Forces i therefore it will reft 
ibmetimes. 

3. Sometimes the greater will recoil. 

when the elaftic Force prevails over the di- 
reô, the Body muft recoil, fince that is con- 
trary to this. But the elaftic Force will fome- 
timea prevail. Let us fuppofe in B five De- 

L4 greet 
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grecs of Mafs , and four of Velocity ; in C 
three Degrees of Mafs , and four of Velocity. 
The tlaftic Force will be predominant in B^ 
if it retain precifely ten Degrees of elaftic 
Force to rebound: But it will precifely retain 
lo for recoiling. For B having fire Degrees 
of Maf§, and four of Velocity, has 20 Dcgrec$i 
4>f Force; C having three Degrees of Mafs and 
four of Velocity, has 12 Degrees of Force, 
trhêrefore B will immtediately lofe 1 2 Degrees 
pf common Force in the Stroke, finçe by theiè 
1 2 Degrees it vfrill impinge againft a contrary 
Force of 1 2 Degrees ; but the Spring will re- 
ftore them. Of its Excefs of eight Degrees, 
which will remain after the Lofi of 12, it will 
give three to C, in Proportion to its Mafsj 
ind five remain. The claftic Forée fur recoil- 
ing, anfwers to the Force communicated or 
loft in the Stroke : Therefore it will be ^5 De- 
jÇrees. But B retains ftill five Degrees of di- 
rêfl: Force, which it Ought to Icfe by dettroy^ 
îng five Degrees of the elaftic : Therefore B 
Ivill retain precifely 10 Degrees for recoiling. 
Therefore tometimes the greater will be re- 
fletfted. 

4. Smetimçs the grtater wrO toHtimt^ ^fitr. 
the Stroke to follow the fame Dire£iion. 

For fpmetimes after the Stroke, its direét 
Fbrcô Will be greater than its elaftic» Let us. 
itippofe in B five Degreed of Mafe, and three 
of Velocity, aifid in C one Degree of Mafe amj 
threfe of Velocity : B WiU retain five Degree^ 
<■'' : ■ -• ^ of 
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pf efFeétual Force for advancing. In fliorc, 
J8 having five Degrees of Mafs and three of 
Velocity, it has 1 5 Degree^ of Force ; C ha- 
ving one Degree of Mafs and three of Veloci- 
ty, it has three De^es of Force. Of the 15 
Degrees x)f direâ Force B Will immediately 
lofe three by the encountering of the three De- 
grees of C, but which will be reftored to it; 
of the 1 2 remaining it will give two to C^ 
for being quintuple it will communicate' thé 
fixth Part c^ its Excefs ; 10 remain. Of thefe 
JO it will lofe five by the contrary Force of 
Elafticity, lînce it anfwefs to the Force de- 
flroyed or communicated : Therefore iç wiU 
retain five in order to move forwards. 

Therefore if J5 and C ftrike one another with 
equal Velocities , having unequal Maflès, the 
Jefs will always rebound : Sometimes the great- 
er will refl$ fometimes it will recoil; an4 
fometimes it will continue to follow the fame 
Diredlion aftef the Stroke. 

By the Help of thefe Lights one may enter 
ihto a more exaâ Detail. You will explain to 
me, Arijlus^ at your Leifure the Ruieè whîchi 
ought to be qbferved in the Percuffion of fofc 
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Conversation XII. 

Upon the Percufflon offoft Bodies. 

Ëud^ T 7Ï 7 I L L you difcover to me, jiri^ 
V V 7^^^> ûïo(q Secrets whidi Na- 
ture has imparted to you ? 

-^rijl. When one comprehends the Rules 
obferved in the Percuffion of hard aixd elaftic 
Bodies, it is eafie to underftand thqfe which 
ought to be followed by Bodies that are foft. 

Rule L 

IfBJHkeC at Rejl^ it will give itfome ofitt 
ForcCy in order to make itjelfafree Pajfage. 

Since C will not refift either by itfelf, being 
very indifferent to Motion or Reft; nor by its 
Reft: Reft makes no Refiftance to Motion, by 
the firft Rule of hard Bodies. 


Rule 
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Rule IL < 

« - - • 

B ought to impart Motion to C at Reji^ in Pro^ 
* portion to the two Majfes. 
» 
For, in a Word, k will impart precifely fo 
much as is neceflary to make itfelf a free Paf- 
fege, if it communicate neither more nor Icfs, 
it muft impart it in Proportion to the two 
Maflcs Î the half if C is equal ; the third Part, 
if it is Subduple ^ and two thirds, if it is dou- 
ble: Then will they go with the fame Veloci- 
ty, without any Obftacle. Therefore, (^c. 

Rule in* 

If B overtakes C, nvhich goes before^ B wili)di- 
vide the Excefs of its Force with C in Pro^ 
portion to their Majfes. 

In fliort, by this Excefs B ought to ftrikc C, 
as if it were at Reft: No Regard muft be had 
in the Stroke, to the common Motion of the 
two Bodies. By this Motion the one Bodv 
runs from the other; this Motion is ufele& with 
Regard to the Stroke: Now if B found Cat 
Reft with its Excefs of Force, it would com-- 
municate it in Proportion to the two Maflcs : 
Therefore if B overtake C, which goes bcr 
fore, &c. 

Rule 
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Rule IV. 

JfB and Cftrike oneanGtber wkh equal FûrOf^ 
they will remsin at Rsft iifter the Stroke. 

They muft ftop if they lofe their Forces in 
the Stroke, without having them refloi^d. by 
|uiy Thing; but i.They will lofe their Forcis 
like elaftic Bodies. They will paÊ into tl^ 
infenûble î^ans i Ûace die infenûble Parts will 
llrike, break, reâeâ, and give one another a 
Thoufand difFerent Direâions in Proportion tp 
their Texture, and the common Forces of the 
two Bodies. 2. Nothing will reftore them 
their commpn Forces, fince they have no Ela- 
fticity: Therefprë, &c. 

If B and Ç Jlrike one another with unequal 

, Forces. ... 

They will lofe their common Motion; it 
will becqme proper to the imperceptible Parts 
by the fourth Rule : But the ftronger will di«? 
vide its Exccfspf Force with the weaker, in 
Proportion to the two Mafle?, fince by thiSi 
^xcefs it wii} Arike the vf^aksr^ as if k fd^iid 
\t at Reft. 

. Eud, I look upon the Rdte, whkh im 
have been difcourfing of, as a Principle of 4 , 
Thoufand and a Thoufenci (iivcrs Effeâs m, 


OiithePercafflonoffiftBe4ie!. IJ? 
Nature. Neverthdefs it muft be granted. A- 
riftu!, that among fenfible Bodies there are 
none probably that are cither perfcftly hard, 
or entirely elaflic, or abfolutely foft ; but they 
ought to follow the Rules juft kid down, 
more or left, {xa^ly in Proportioa as they ap- 
proach more or lefs to Bodies perfedly hard, 
daftic, or foft. 

Let us at laft fee the Ufe of Motion and its 
gg?^ in:the <U^ent. Çfcçiçs of Çijdies, whic\ 
«^t^ipfc the tfevjisfer But let us begin with 
fbijttjDg (brae.gesefal idea o£ tl;» Pniiietfc ie^: 
èifï by copfidefifg tjiç Sphere wl^sh Art pr«-.. 
Abb to our Eysst 
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Conversation XIII. 
Upon the Sphere. 

End. \ 71 7^ ^^^^ ^^^> ^^^fiM^> (either you 
V V 9^ I) Eyes, piercing enough to 
penetrate fo far as the Surface pf the World ; 
we don't fee the external Figure of it : But if 
we judge of it by the common Pçrfuafion, and 
by what is offered to our Senfes, when the 
Weather is ferene, and the Heaven Iparkles 
with Stars, the World is round : It is a Sphere. 

Ariji. One may diftinguifh in the Sphere of 
the Heavens, as one does in an ar(;ificial ce- 
leilial Sphere, different Parts, an Axis, two 
Poles, fix large Circles j the Zenith, the Na- 
dir, four Cardinal Points, the two Points of 
the Equinoxes, the two Points of the Solflices, 
four fmall Circles, and five Zones. 

Eud. You feem to have, Ariftus^ a juft Idea 
of the different Parts of the artificial celeilial 
Sphere, Fig. 14. 

Ariji. I. The Axis of the Sphere is the 
Line that pafTes thro' the Center of the Earth 
(b) efteemed as the Center of the Sphere, or 
the Diameter Yl(/ ^ r^ upon which the SjAcre 
turns. 

2. The 
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Î2. The two Poles (a, c) of the Sphere, arc 
the two Extremities of the Axis. 

3. The 5x large Circles have for their Cen- 
ter, the Center of the Sphere. Thefe Circles 
are, the Horizon, the Meridian, the Equator, 
the Zodiack, the Colure of the Equinoxes, ^nd 
the Colure of the Solftices. Every Circle -con- 
tains 360 Parts or Degrees. An Arc of ço 
Degrees, comprehended betwixt two Lines, 
diverging and united in a Point, is the Mea- 
fijre of a right Angle : A lefe Arc, of an acute 
Angle ; and a greater Arc, of an obtUfe. 

The Horizon (d) is a Circle which divides 
the Sphere into two halves of a Sphere, or 
into two Hemifpheres, the one fuperior, in the' 
middle of which we are, and which we fee 5 
Ac other inferior, and which we fee not. . 

The Horizon has its two Poles, as well as 
the other Circles. The Poles of a Circle are 
die oppofite Points, equally diftant from alt 
the Points of the Circle. The Poles of the 
Horizon are called Zenith and Nadir : The Ze-, 
nith is over our Head ; the Nadir is the Point^ 
diametrically oppoiite. Hence every one has' 
his Horizon, Zenith and Nadir ; and when-' 
ever he moves, he changes Horizon, Zenith,^ 
and Nadir. 

Four Points of the Horizon are the four 
Cardinal Points, the Eaft, Weft, South, and 
North. The Eaft \% that Point of the Hori-^ 
zon where the Sun rifes. The Weft is that 
Point where tlie Sun fets, The South, with 
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irefpeà to us, is that Point whcrç the Mericilaii 
cuts the Horizon on the Side of the Sua ; and 
the North j the Point oppofite. 

The Meridian (e) is a Cirde^ which paffc» 
both thro' the two Poles of «he Sphere^ and 
Hhro' the Zenith and Nadir, cutting the Hori^ 
ison at right Angles, or without incli&ihg mora 
V> one Sid^ th*n tfee other. 

The Equator (fj k a Circle, which cuti 
the Meridian at right Angles, and which is » 
quaUy diftant in all its Pomsi from the twci 
roles of the Sphere, 

: The Zodiack (g)'^^ Circle, whkh cues thé 
^ujifpr^ waging \«ith It acute An^es Of a j De^ 
grees^nd a baJf, of which k 23 Durées and di 
Jalf diftant toward the two Poles* It has 16 De- 
grees of Breadthè or thoreaboiM». Its Breaddh 
i$ divided into two equal Par» by a circular 
X/ine /ièy) which the Sun runs^ or feems to rm 
0vçr m a Year 5 and this is, the.EcHptick. The 
Zddi^ck has i z Farts, every one of which has 
30 Degrees, and cootainsi a ConflcUatioii or 
Sign ; that is> a ccirtaiin Number, a CoUeâtîon 
of Stars. They call thofe Signs^ going front 
the Weft toward the Eaftj Ârtes^ Jaiarus^ Ge^ 
flinty Cancer^ Le^y ^irgOy Libra^ Sctrirpioi^ Sor 
mttariuSy Capricornus^ Aquarius^ and PiJieSi 
The two Pointa vi^here the Eeliptick cuts thd 
Equatofi or Equinoftial Line, are the Poims 
of the Equinoxes, When the Sun is in thofe 
Points^ the Length of the Light and Darfc^ 
nefs is equal. The two Points, where the E-^ 
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clipack is fartheft diftant from the Equator 
towanj the North and South, arc the Points of 
the SolfticeSj where the Sjiin begins to return 
toward the Equator. • \ 

The Cplure of the Equinoxes (b) is a Cir- 
ide, which paâès both thro' the Pdes of the 
Sphere» and alfo thro' the Poinds ov Seftions of 
idle Equinoxes. The Colure of the Solftjces 
(i) is a Circle, which cuts the other Colure at 
right Angles, pafiing thro' die two Points of 
the Solftices. 

4. The finail Circles of the Sphere arc thofe 
which have not for their Center the Center of 
Ac Sphcfc, neither do they divide it into e- 
qual Parts : There are four of them, two Tro- 
pical, and two Polar, all of them parallel t© 
"the Equator. The two Tropics (7, /;7^ are 23 
Degrees and an half diftant from the Equator, 
the one towards the South, and the other to- 
wards the North. This touches the Zodiac in 
Cancer^ and is the Tropic of Cancer^ and ncar- 
' eft to us ; the other in Capricorn^ is the Tro- 
pic of Capricorn^ and fartheft from us : They 
are called Tropics, becaufb the Sun, whenever 
he touches the one, begins again to draw near- 
er to the other. 

5. The Polar (n^ 0) are Circles 43 Degrees 
diifcmt from the Tropics, and 23 and a half 
from the Poles. The Poles of the Zodiac are 
in the Polar Circles. 

6. The Zones are the Spaces contained be- 
twixt the Tropics and Polars. There are five 
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Zones ; the torrid.Zonc, two temperate Zones^ 
and two frigid. The torrid Zone is betwixt 
the two Tropics -, the two temperate Zones arc 
betwixt the Tropics and the Polars ; and the 
two frigid Zones are betwixt the Polar and the 
Poles. 

Thus, I think, you have the artificial Sphere 
defcribed in few Words : But pray, Euaoxus^ 
make me fee with the Eye, if poffible, where, 
in the Heavens, Aftronomers place thofe Cir- 
cles, Points, and Zones. 

Eud. The Seafon and Weather are favour- 
able enough. . It is the Equinox, the Heaven 
is ferene, and the Stars are brillant. . Let us go 
Vp upon this Platform, where fometimes I obr 
fcrve the Stars. This large Circle, whofe Cir- 
cumference terminates the Sight on all Sides, 
is the fenfible Horizon, which only differs from 
the true one by a Semi-diameter of the Earth, 
fuppofing'the Center of the Earth to be the 
Center of the World. The Point, where we • 
faw the Sun this Morning rife toward the left 
Hand, above the Horizon, is the Eafl. The 
Point, where this Evening we faw the Sun go 
down toward the rightj^ below the Horizon, is 
the Wefl. The horizontal Arc which we faw 
on the Side of the Sun, from the rifing to the 
fetting, let it be divided into two equal Parts : 
The middle Point is the South. Let us turn 
our Eyes toward the Point direftly oppofite, that 
is the North. Lift up your Eyes, and you ihay 
fee toward the North {even Stars very brillant, 
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jfour of which are difpoied almoft in the Form 
of an Oblong Square, and the other three in 
Form of the Arc of a Circle, and of a Tail. 
That is the Conftellation which they call Urfa 
Major J or Charles^ sWàin. You ihay fee at fomc 
Diftance feven other Stars, which niake much 
^e fame Figure, but fhine with lefs LuiH:re : 
This is the Lejfer Bear. The laft Star of the 
,^ail is the Polar Star ; it is near the Arâic, 
or North Pole. The oppofite Pole of the Hea- 
ven is the Ântar^ic^ South j bv Meridional Pole. 

The fibril is elevated about 49 Degrees ià 
rqgard of Paris^ and the other as much de« 
prefs'd below the Horizon. 

Ariji. Virgil informed mc of that a long 
time ago. 

Hie Vertex nobis Jimper Jublimts ; at ilium 
^ub pedibus Styx atra videt^ manefque pro-- 
.fundi ^. 

Eud. The Point of the Horizon where ^e, 
*Àre, is the Center of the Circle : The Point of 
the MeaveA, the moft elevated direâly ovet- us, 
IS our Zenith, the Point direâly oJ)pofit& is the 
Nadir. 

The Cii'cle which paflcs through thêfe twa 
iPoints, and thro' the tWo Poles, is our Meri- 
dian : When the Sun is in it, it is Nocfti with 
refpca to lis, br the half of the Day. Hence, 
when one goes toward the Eaft, or toward the^ 
Weft^ une changes both Meridian and Zenith. 

• £ook I. of Ge^rg. 
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• The Circle which cuts our Meridian it t%ht 
Angles, 90 Degrees diftant from the Pble which 
you fee, the Circle diftant from thç Pôle 90 
Degrees in all its Poiifts} thcCirdé, in a Word, 
which the Sun defctibes by his daily Motion at 
prefént^ the 21k of Marché thfe Day of the E*- 
'quihox, is the Equator, or BquinoAial Line. 

Thé Moon cuts the Equator, making acute 
Àftgles with it oh both Sidfes; and the Clrdc 
which it defcribes every Month, going oblique- 
ly, but very fenfibl^, from the Weft toward 
the Eaft, is in the Zodiac. The Planets, Afer- 
ci&yy VenuSy MarSy Jupiter^ Saturn^ thofe Spe- 
cies of Stars which we fee flime witfeout any 
^rkhng, while others fend fdrth Rays on all 
Sides, are alfo in the Zodiac. The Planets 
make their Revolutions in the Zodiac, and ac- 
cording to Tycho^ a jfamous Àftronomet in this 
t)rder, Fig. 15. the Earth in^ the Center of the 
World, round about the Earth the Moon, the 
Sun carrying along with it Mercury -said VenuSy 
and round about it Mars^ Jupiter and ^Saturn. 
The Planets make their lîlevolutions in the'Zo- 
diac round about the Sun, accorditig to Copers 
«/k*^jr, another famous Aftronomer, and in this 
Order, Fig. 16. ithe^un in the Center of the 
World i Mercury y Venus -, the Earth with the 
1Moon, Mzri^ Jupiter y and Saturn. We fhatl 
*fee one I)ay wnat we ought to think of the Si- 
'tuation of the Sun and Earth. * However that 
he, the- Moon has its different Phafes in the 
Zodiac. It is there new, or in ConjùnÛion, 
when it is betwixt the Sun and the Earth j Full, 
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or vçk QppQfitipn* whkcii it is i8o Degree^ di- 
ftant from the Sun, qf when the Earçh is be- 
twixt it iand the Sun. It is in its Quadrature? 
or Quarters, when it is three Signs or po IDe- 
^rees diftant from the Sup, Finally, thç Ecr 
liptick cuts the Equator in the Point where 
the Sun is on the Dfty of the Equinox. 

Call to Mind the Point pf the Horizon where 
you faw the Sun fet this Day the 21^' of 
March Look toward the Eaft, and fee thç 
pppoûte Point of the Horizon. Thp Circle 
which paffes through thofe two Points, and 
through the Pples, is thç Çolure of the Equi- 
noxes; and the Circle which cuts it at right 
A|)gles \% thie Çolure of the Splftices . 

The Circle parallel to the Equator, but 
nearer to ys by 23 Degrees and an half, is the 
Tropic of Cancer. Tne Circlp parallel to the 
Equator, but 23 Degrees and a half farther 
diftant from us, is the Tropic of Capricorn. 
Look toward the North Pole, The Circle 23 
Degrees and a half diftant from the Pole, is 
the pdar Circle. The Circle 23 Degrees and a 
half diftant from the other Pole, and which wc 
do not fee, i^ the othpr polar Circle. 

Lqfily^ the interntiediate Spaces are the Zones. 

j^ijlj I have, I thiflk, Eudoxus^ a pretty 
dear idea of the Sphere of the Heavens. 

End. ThwefteemtheEarthitfelfas a Sphere, 
as aGbbe. They give to itas to the Heaven, its 
Poles, its Circles, its Points, its Zones, fo that the 
Poles, Circles, Points aod Zones of the Earth, 
anfwer to the Poles, Circles, Points and Zones 
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of the Heaven. This îs what one may fcei 
with a Glance of the Eye in a celeftial Sphere, 
bored through , which contains in it a terre- 
ftrial Globe. The Earth has its Parallels. 
Thefe are Circles parallel to tl^e Equator, Tro- 
pics, and Polars. 

The Spaces contained betwixt the Parallel 
and Meridians, arc Climates. The Meridians 
arc moveable, except the firtt which the Frencb 
fix in the Ifllnd of Fer^ the moft wcftwardly 
of the Canary Iflands, daftly, the Circles of 
the Sphere have their Ufes. 

Arijï. And thofe Ufes are fujfHciendy evi- 
dent, after what wc have faid. 

1. One fees the Eaft a^nd Wefl; in the Pointy, 
of the Horizon, where the Sup rifes and fets i 
and the Nprth and South in the Points of the 
Horizon that are cut by the Meridian. It is 
in the Horizon, that we fee Night lucceed 
Day, and Day fu,cceed, Night, The Horizon, 
feparates thç upper Hemifphere from the inferi- 
or, the vifible frçm the invifible înRegard to us. 

2. The Meridian divides the World into 
two equal Parts, the one Eaft, the other Weft. 
Hence, the Sun being in the Meridian , it is 
Mi4-day above the Horizon , and Mid-night 
below the Horizon. The Meridian lerves far- 
ther to determine theElevation of the Pplej 
fince the Arc of the Meridian contained be- 
tween . the Pole anà the Horizon, expreffes the 
Height of the Pole. What is the Longitude 
of any Part of the Earth ? It is its Diftance 

from 
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from the firft Meridian, reckoning from Weft 
to Eaft, The Latitude is the Diftance from 
the Equator. There is a North and South 
Latitude. Both the one and the other is de- 
termined by the Arc of the Meridian/ or by 
the Degrees contained betwixt the Equator and 
,any Place North or South. 

3. The Equator divides the World into two 
equal Parts, the one South, and the other 
North. In this Circle the Equinoxes happen, 
about the 21*' of March^. and 23^ of Septem^ 
ber. When the Sun is in this Circle, it is as 
long above the Horizpn, as below it. Hence 
the Length of the Day and Night is equal. 
The Equator is moreover the Meafure of Time, 
fince the 3un runs over the 369 Degrees of this 
Circle in 24 Hours. What is the Declenfion 
of the Sun and Stars ? Their Diftance from 
the Equator, and the Degrees of the Meridian 
contained betwixt the Equator and Stars, are 
the Meafure of their Declenfion. 

4. The. Sun, Moon, and Planets make their 
Revolutions in the Zodiaçkj and the Motion 
of the Sun, according as h^ approaches or re- 
moves fron> the fivers Climates, fo that his 
Rays are more or lefs obUq^ue, make, the diffè- 
rent Seafons; the firft Equinox the 21^'^ of 
March, and the Spring, byj)affinç in the Space 
of three Months from the Equator to the Tro-. 
pic of Cancer, where the Summer Solftice hap-» 
pens the 21 ^'^ oïjune, the Summer returning 
fhrough other Signs in: three Months ixomCan^ 
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çer to theoppofîtç Poitit of the Equator, where 
the fécond Equinox happens the 23*^ oî Sep^ 
temher\ the Autumn, goinfg* in three Months 
Trorn the pquator to the Tropick of Capricorn^ 
when the Winter's Solftice happens the 2 if* 
QÏ December \ and the. Winter, returning from 
Çaprmrnva the Space of three Mppths, and 
'through three othpr Signs,^ tp tHc Equator. 

5, One fees in theColureSiv though their t/fe 
'does not fcem.very hcceHary, the Points of the 
Equinoxes ahd SolAices. . /. 

Finally the fmall Circles, the "tropicks ana 
I'olars dividç the parth and thç World intd five 
^ones. , 

* "End. It is worth while to obferve farther 
the Pofitiort of the Sptiere ; that is the Situati- 
on of the Horizon in Relation to. the Equator, 
jflencc, there are three diffcreht iPofitions of 
the Sphere; one right, the other oblique, and 
the third parallel. It is ri^ht, when the Ho- 
rizon cuts the Equator at right Angles. It is 
oblique, when the Horizon cuts the Equator 
at unequal Angles: It is parallel, if theTIori-? 
ijon is parallel to the Equator, or c:onfounde4 
with it. Thofe who inhabit under the equi- 
noélial Line have a right Spheres wc b^ve an 
bblique 5 ftnd if there -are Men under the Pdes, 
they have a parallel one, 

Will you tell me, Artjlus^ what Stars afcend 
gbpve the Horizon, and defcend below it every 
Day in à right Sphere, or With Reiped to the 
JoJiSLbit^nt§ of t^e etjuinoaial Line ? 
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Arifi. 'îlie Stars cannot all (urn round about 
the Axis and Poles of the World every Day 
tvithout afceiiding all, or almoft all, above the 
Horizon, and defcending below the Horfeoii 
every Day in â fight Sphere, ïîntç in a right 
Sphere the Horizon panes through die Poles, 
Now all the Starè turn fenfibly about the Axis 
and Poles of thé V/orld evety Day : Thefefote 
all, or almoft all the Stars afcend above, and de- 
fcend below thé, Horizon, every Day in a fight 
Sphere* , . ' 

TS^dr But in the obliqué Sphere, at Pdrts^ 
for Example. 

Jirifi. Some Stars are there always above 
the Kforizoh, and others are neVer there. Let 
us fuppofe that the Height of the Pole is 49 
pegreèsj all the Stars contained in this Space, 
pever defend below the Horizon, the Hori* 
zon being 49 Degrees below the Pole. All 
thofe which are not above 49 Degrees diftant 
from the oppofite Pole, never afcend abo?ve 
the Horizons the Horizon being 49 Degrees 
fibove this Pole. 

^uL But laftly in a parallel Sphere, undep 
the Pole- i . F 

Arijl. One ought always to fee there the 
(ame half of the Heaven: For one ought al-» 
ways to fee there the half of the Heaven con- 
tained between the Pole and the Equator, fince 
the Equator and Horizon is tlie fantie Thing, 
Now ;his lialf of the Heavçn is glways the fameji 
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Jt i^ moved parallel to the Equator or the|Iow 
fizqn^ without defcepding: Therefore, Ç^ç. 
, tiud. By the fame Reafon, in the parallel 
Sphere, or under the Poles, there is a Day of 
fix Months, and a Night likewife of fix 
Months, or thereabouts. For the Day lafts as 
long as the Sun is above the Horizonj and the 
Night as long as the Sun is belpw it; but in 
the parallel Sphere, the Sun is fix Months a- 
bove the If orison, . and fix Months under it ; 
fince it is fix Months on this Side, and fix on 
the other Side of the Equator, running th{ou^ 
the Ecliptic in a Year, apd fince Uie Horizoi) 
is the Equator itfelf. 

But^ Ariftm^ wh^t Method would you take, 
to know what Hour it is in any Countrey? 

Artji. In one Hour the Sun makes 15 De-i 
jgrees of his Circle by his daily Motion over the 
Equator, or parallel to the Equator; from Eaft 
to Weft. 'J^àv he runç through the Circle in 
24 Hours, and 24 Times 15 are 360. Fof 
which Caufe, if it is Noon in the Meridian of 
Tarts^ it is an Hour after Noon in the Meri- 
dian 15 Degrees farther Eaft ward: There muft 
have paflfed an Hour for the Sun'^s coming from 
that Meridian, to the Meridian of Paris. It 
is only eleven of the Clpclç in tjie Place 15 
Degrees more Weft ward ; there, muft be an 
Hour for the Sun's pafling froni the Kleridian 
of Paris ^ into the Meridian of that Place. 
Two Hours after it is Noon in a Place 30 De- 
grees more Eaft ward, Gfr. 10 of the Clock fn 

the 
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the Morning in a Place 30 Degrees more Weft:^ 
ward. This being granted, all I have to do 
is to look Upon a terreftrial Globe for the Dif- 
ferences pf Longitqde, and knowing what 
Hour it is at Parisy I h^ve the Diôêrence of 
the Hours. I find, for Example, that when it 
is Noon in the Meridian of Pans^ an Hour 
after it is Npon at Vienna in Aufirta^ paft 
three at Hijpabanj feveil in the Evening 
or thereabouts at Pekin^ and Midnight in 
New Zealand: Since Vienna is a Place ir 
Degrees more Weft ward, Hifpaban 50, Pehn 
110, and New Zealand i8oj wd becaufe 50 
contains 15 more than three Times, no more 
than ievep Times, and 180 more than 12 
Tîmçs, 

End. With the fame Eafè you will find Pla- 
ces that arp Antipodes tp one another. 

Arift. I need only look in any Meridian for 
ÇWO Point? 1 89 Degrees diftant from one an- 
other. Thofë two Points are Places that are 
Antippdes ; for in a Word^ the antipodal Parts 
pf a terreftrial Globe, are the ^o Points dia- 
metrically oppofite. Now two Points of a 
Meridian, 180 Degrees diftant from one an- 
pthçr, are the Points diametrically oppofite; 
fince they are the two Extremities of the Di- 
ameter, which divides a Circle of 360 De- 
grees. 
' Eud. Thcfe eafic Perceptions will facilitate 

fuch as more difficult. I have made a Dif- 

-. • • ' 

courle 
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"courfe upon the Earth, and the Minerals which 
it. contains, 

* Artfi. And this Evening I will rettini to 
your Qofet, and will not leave' you till you 
tavc impanfcd it to me. 
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Vponjbe Earth and Minerals. 

&//. T Promifed you, Arifiu$^ the Difcourfe 
y^ I have made upon the Earth and Mi- 
lierais; here it is. 

One may look tipon the Earth as a puife 
Body without Mixture, or as a mix'd Body, 
whole Surface is the Habitation of Men and 
Animals. 

The Eardî, pure and without Mixture ♦, is 
à Body, whofe Parts are ramofe and very groft j 

ramofe. 


• The Word Earth among the Naturalifts denotes the terra- 
qdaooè GIo^ ; afid k Agrioukure, figasfiés that compound Mat- 
ter Winch fenres for the Pipduétion and G«9Wth of VegetaU^ 
planted therein; but the Chemical Eartb differs widely from 
them bot]i, it$hàng2Lper/e^/y bmogeneousy or fimfh Body^ bar4t 
fiiabkj iufoluÙiiH AfrârWater^ fixed^ »«d incafabb offiswing 
ki tpe Firtf but remitting immutable^ and r^ai»ing ifsmn Form 
end ^antity in tbem all. We term it a Poflfl, as bdrig exceed- 
-j&S -finfple or inc^:gamcal> without smy Diiitiaftioa of Veffels or 

Juicesi 
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«mofe, for 'eirl^eDevtr they ^rejoined together^ 
k is a Coiifipound which has very much Con- 
jfiftence, and (huts out the Paflagc of Lkhti 
very gt^, fiace Fire agitates and diiîfclves them 
wià great Difficulty. 

The Earth» confidercd as a mix'd Body, k a 
Body of a .round Figure, or thereabouts, vafte], 
fertile, and oomwiiiing diiferent Beds of Clay^ 
Chalk; Saod, an^ divers Minerals. 

I* The Earth is ^yfically round. Eveiy 
cônfiderable Portion <^dae Surface of the Eari^ 
tîanoot be -an Arc of a Circle, vrithout the 
Earth be of a t:ound Figure, But every Porti- 
cm of the Surface of the Earth is an Arc of a 
Circle* Go from South to Norths or from 
North to Somth : You vi'ùX ièe new Stars arijfe 
above die Horiaîon. If you advance i^ De- 
j^ces toward the Eaft, the Sun rifes an Hour 
iboner with Refped to you. Shpuld you gp 
45 Degrees loward the Weft, the Sun rifes an 
Hour later In Regard of ygu. When one 

Jaices ; and ptsoceeding originally from the common Matter of tbe 
terraqueous Globe ; 'tis called fimple, becaufe *all its Parts appear 
trf* die fame Nature with the Whole.: We define it hardj beoaujfeit 
refills the Separation of its Parts ; friable, becaufe it may be broke 
into kfs Maffe^, and fixed in the Fire, becaufe with whajtevcr 
violent Degree of Heat it is every 'Way fiirrounded, it lofes no- 
thing of its Weight or Bulk, yet without running into Glafe.; but 
^ffibly the Focus of a large burning Concave, may caufe fome 
alteration therein ; though it would lofe confiderably lels than any 
*other ;Body in Nature, even Gold itfcif ; the jnoft violent Fire 
4>eing unable to break the Cohefion of its Parts, which is a very 
^uncommon Property. *Tis fo fimple, that though it enters into 
the Compofition of all Other Bodies, ,yet itfelf can never be rc- 
iblved into ax^ diâèrentSuhftançe. ViéMavPs Qbm* S^S* 

leaves 
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leaves the Harbour of a Town, fo as to fail td^, 
ward any Place whatever j bne lofes the Sight of 
the Harbour, and then the Walls of the Town; 
âiid lift of all thé Top of thé Towers. Lee 
any one ^t that Inftant go up upon the Scuttle 
of the Màft, iind he will immediately iee a- 
jgain the Top of the TbWerS, then the Wallfe 
of the Town, and laftly the Harbotin JBuc 
theie Objeâs difappear again, as they did the 
Jiril Time, Whence comes it, if not from 
thiSi that every confiderable Portion of the 
iSurface of the Earth k an Arc^ the Middle of 
wjiich being, in fome Sort, elevated in Regard 
bf you, with-holds from your Eyes, when 3^011 
iare at one of the Extremities of the Arcj diat 
'which would not be concealed from you, if 
you were at the other Extremity ? In a Word, 
wheh thé Earth j placed betwixt the Moon and 
thé Sûni çaufes an Eclipfe of the Moon , as 
Vvé ïhâlî mention hereafter^ why is the Sha- 
dotv fbrhied like an Arch, which is fpread 
over the Moon ? Becaufe the Surface of the 
Earth, which JinDjèâs this Shadow in Form 
of an Archi is an Arch itfelf. Therefore the 
Earth is a routtd Body; 

The Earth, I fay, is nearly of a round Fi- 
gure. *Tis evident that it is' not geometrical- 
ly round, fince one feeis upon its SUrfact Moun- 
tains whofe Summits are loft in, thé Glôuds. 
But the Height of the higheft Mountains is 
fmaller in Regard of the Earthy than the 
Height of the fmall Inequalities on an Orangé- 

peeli 
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peel, in Regard to the Orange itfel£ Tiic 
Height of a Mountain a League high, is con^ 
tained almoft 3000 Times in the Diameter of 
the Earth ; for the Diameter of the Earth is 
about 2860 Leagues; fince the Diameter of a 
Sphere is near, a third Part of its Circumfe- 
irence, being as ieven to 22 \ and the Earth is 
â. Sphere whofe Circumference is 9000 Leagues, 
as we fhall fee by and by. The Height of the 
fmall Inequalities of an Orange, is it contained 
fo maily Times in the Diameter of the O^ 
range? 

Another Reafon, which proves that the 
Earth is not perfedly round, is, becaufe ac- 
cording to the. Trials of M CaJJtni^ for deter- 
mining the largenefs of the Earth, its Surface 
ought to have the Figure of an Ellipfis f pro- 
longed toward the Poles ^, and of which one 
Property is, that being divided into Degrees, 
every one of thofe Degrees augments in Pro- 
portion as they approach the Poles ; fo that 
the Circumference of a Meridian of the 
•Earth, ou^t to exceed the Circumference of 


^ According to Sir Ifaae Netotûn the Figure oî the Earth ]$ 
an oblate Spheroid, it being every where higher in the ^Equator» 
than in the Poles, confequently its Poles muft be depre£èd, and 
not prolonged. Aftronomers have likewic obferved the (âme of 
JupiUr^ namely, that its Axis is fhorter than its ^Equatorial Di- 
. ameter ; for tliongh this Planet be the greateft of all thé Planets, 
it is moved the fwifteft about its Axis, and therefore this DiiSc- 
rcnce jnay be obferved. 

f Hift. de TAcad. 171 8. fuite de Tannée pag. 237, 238. 
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its Equator about ^4 Leagues ': But this Est-* 
cefs does not hinder but mat the Earth may 
lût phyfically round. 

2. The Earth is a vaftc Body. A found 
Body, whofe Circumference is 9000 JLeagues, 
ÎS a vafte Body, The Earth is a round Body, 
tvhofc Circumference is about 9000 Lfeagues*. 
Every great Circle of the Earth has 360 De- 
grees; every Degree, according to ^. J^/^jrf, 
contains 2r Leagues of 2282 Fathoms, the 
Degrees of a Meridian, though unequal, con- 
tain almoft fo many, one vdth another, ac- 
cording to M. Cafftni himfelf ". In a Word, 
advance about 25 Leagues from South to 
Nordi, the Pole appears to you elevated one 
Degree. Now 25 Leagues repeated 360 Times, 
are 9000 Leagues; multiply 360 oy 25, the 
Produâ is 9000. 

3. The Earth is a fertile Body, fince it af- 
fords us Flowers in Spring, plentHbl Harvefts 
in Summer, and Fruits in Autumn. 

4. The Earth contains diilferent Beds. la 
the Brink of great Rivers , and in Hills cut 
perpendicularly , you may often fee a Bed of 
Clay, then one of Sand, one of Chalk, 
one of Stones, of Gravel, é^c. Father Mer^ 
fenne reports, that in making a Well at -4^* 
fier dam ^ they drew out fucceflively izvtjx 
Foot of Clay, nine of Turf, ten of Potters- 
-Qay, eight of Sand, four of Earth, ten of 


« Ibid. ■ Pag. 247. 

Potters- 
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IV)tters-Sandi twoofPott'crt-CIay, fdur6fwhit<e 
Sand, one of Turf, fourteen of Sand mixed wkh 
Pottêrs-Clajr, four bf Potteris-Clay riïîxed with 
Sandi twelve of purb Potters-Glay^ and thirty 
oneofSalld^ 

Finally, the Eâith ebhtàîns in its Bbfohi di- 
vers Minerals^ fincc they are, drawn out 
of it. Therfefbfe the Earth, fcohfidered as 
a mixed Body, is à Body round, or there- 
abouts, vaft, fertile; and containing different ^ 
Beds of divers Matters, divers Minerals. 

They call Miherals the fat or lean Jiiices 
l^hich £lre drawn out of the Earth, Metals and 
Stones. 

I. Oil, Sulphut, Bitumfeii, Pitfch, Amberj 
arc of the firft Sort of Juices. Common Salr^ 
Mineral Salt^ Vitrid, Allun!- Nitre, Salt- 
cPcter, Sal-Armofliac, fSt. of the fécond. 

Oil is a Body whbfe Parts are ramofeji 
iSexible^ and impregnated with much âibtilê 

Matter. 
.*■-.' - • • 

^ Bnjle\ T. IL !>. 27^; 

ÎB7 coniidering what has been (aid conceramg Attraélioii 
Repulfion; we. (hail be better enabled td accôuiit for thé Ge- 
nerality of diymicai Experiments^ than by Imagining them t» 
fconfift d[ Partid'es hooked, pointed, blunted, fsTr. For Exam- 
jp|e, by Attra^on w.e may eafily underftand why Qsûckûlver ii- 
nites itfelf b Tin and Gold ; and alfo, why Water aiid Pil dick 
to Wood and clean Glafs. We have Infbmces of Repolfion be* 
tween Water and Oil, and generaijy between Water and all 
Unéluous Bodies } between Mercury and Iron> as alfo between the 
l*articles of ai^ Dull. ^ . 

The Particles bf any Salts attraft one another with a very great,, 
rorcc, as appears by fcveral Experinients: The following vviU be ' 
fvfficient.to prove, that that Attra^on exerts itfelf at a very fmaH 
JÎKftaiicè, and the repellent Force at a greater. ~ 
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M^r- Pence Oil is ijiffufçd, clammy, flur 
id ^pd çaiUy inflapaed. ; .^ 

' Sulphur IS an oily Cody; whofc (rn%\l Rrwch- 
ÇS. arc P^iorter, mOTecpp^aa, »i^ eirnoyndcd 
with fubtile Matter. Hence Sulj^jif 1$ oeifhor 
(ofty nordjluidr a^fwre Qi\i but is ye^y ioSam- 

Bitumçn Js a ComgQftnd of Oil^ Sulphur, 
terreftriai and gK)f6 Parts; accordingly BtfUn 
men is hardened and inâanims^ble l^e Si^phur, 
'and oftentixnes W»jds|: i^lf ot\Jy tenders it 
more hot; bcçapfe the groffer PaiJttpf the Bi- 
^limejn be»ig ^n%nRçdj| reppl t^ Wftter, and 
the Water which refifts hinders the Parts of 
the BituiT^n fron^ diffîp^.ting prtEfently. 

Pitch and Àm.ber are Spj^ies of JSbtumoEi; 
Pitch is a Bitumen wl^ch is imipediaccly! drawn 
from the £art|[ii gna Amber ^ 'Bitymea. 
which thp WijLvcs of ^, Sea throw upon the 
Coa^s, where it is: |;^(kQed. by Co|d and. 

Common Salt is a CoUeâîon of long^ ftrait^ 
ftiffand (harp P^ts. In fhor^^ it pricks, fur- 


J>i%lve Salt in Water, and when that Water is reduced into 
Vapour, the finall faline Particles will unite together and form 
greater Lumps ; which proves the Attraftion. 

Thefc Particles are all equal, and of the iâmç Figure : Whence . 
It follows, that the leaft Parts of which they are formal, had 
every where the fame Situation in Refpeft to each other j that is, 
were evciy where difihfed in the Water at equal Diftancess 
which cannot be, unlefs they all repel one another with equal 
Forces. Confer Notes on Con vers. IX. Ft^ Newt. Oft.' 
^^ 31. 

nifhes; 
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hilhes eiSbâuat Ménffaruums, and prefèrv^â 
Meats by penetrating ^hem, contraâing; their 
Part^ and by that Means hindering the Aâion 
of the Air and fubtile Matter fix)m fbparati»g 
And corrupting them. There are Mountains 
in Poland all full of Salt;. They find Mines 
of it in Gajiile. In the Dukedom of Cardonne 
in Spainy there is a Mountain of Salt of all 
Colours y* Hence fait Waters. 

But what Method do they ufe to draw Salt 
from the Sea ? In Summef* they make Choiœ 
of low Pkces, Pits. In thdb Salt-Pits thc^ 
raife Banks towards the Sea. When it is high 
Tide, they open Sluices to receive the Salt* 
Water into feme Refervoiis. After that they 
ihut the Sluices, and let the Water evaporate» 
till the^ remain but îo much as is neceflary 
for keeping the Salt in a certain Agitation. 
When the Water is prepared after this Man->- 
tier, they make it run into fmall Channels, 
much like the Walks of a Parterre^ and whofè 
Ground is Potter's Earth, which imbibes no 
Water '. 

Mineral Salt is a foffile Salr^ tranfparenjt^ 
and harder than Sea Salt. 

Vitriol is a Mixttire of Sulphur, an acid or 
Iharp and pointed Salt^ Phlegm^ Earth, Iron» 
and Copper: For i. Sometimes a fulphureous 
Odour, is exhaled from its a. If you putVi* 

y Kb. cuxiv. k hill. 169t. < RegU T. «. p*205. 

; Mc». dc TAad. 171 j. p. 174. 

N à triol 


i8o Conversation XIV. 

trîol into a crucible, and thruft it into the Fire, 
you have a fliarp and pointed Salt drenched in 
Phlegm, and this is what they call Spirit of 
Vitriol. 3. Spirit of Vitriol being poured up- 
on .Iron, whofc Sulphur it corrodes, is reincor- 
porated with Vitriol. 4. Chymifts draw from 
it Earth and ferruginous Particles. 5. Iron be- 
ing put into a Solution of Vitriol, is charged 
and ftriated with Particles of Copper. Father 
Kiréber fpeaks of vitrioline Waters, in which 
Plates of Iron feem to be changed into Cop- 
per, the Parts of the Copper taking the Place 
of thofe of Iron, without any real Tranftnuta- 
tion *. Rub a Plate of Steel with Particles oT 
blue Vitriol wetted: The Particles of Copper 
are fixed in the Pores of the Surface of the 
Steel, and you would fay that the Steel is 
changed all of a fudden into Coppen 

Allum differs little from Vitriol, except that 
the Spirit of AUum is fharper; whence it comes 
to pafs, that the Acid of^ Allum ïs kfs agree- 
able. 

Allum, Vitriol and Sea Salt, however pure 
f hey be already, afford a faline and ofly Liquor, 
and depofite a very fine Earth \ 

Nitre is a different Acid, contained in a vo^ 
latile Salt; and Salt-Peter is the fame Acid, 
ftrongly engaged in a fixed Salt, according to 
the chy mical Obfervation of M • Limery c. Ni- 

* Kirlccr de M Tub, p. 321. * M«n. dc TAcad. 1713. 

p. 32. ^ Ibid. 
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tre becomes Salt-Peter by the Mixture of a fo- 
reign fixed Salt \ The fixed Salt of Afhcs caft 
upon the Dung of Animals afford Salt-Peter. 
Salt-Peter is a Salt whofe Surface is more, rug- 
ged than common Salt. Accordingly, i. Salt- 
peter is melted more eafily> becaufe the Ine- 
quality of its Parts receives the Aâion of the 
Water more eafily. 2. The Salt-Peter is more 
lights becaufe having a more unequal Surface» 
it is more porous. Salt-Peter fufes and gives 
a Force to the Flame, becaufe it has folid 
Parts whieh are divided fucceflively, and bound 
with Violence every Way. They gather it up 
upon the Sides of the Walls of Caves, like a 
fort 6f fait Flower. The bcfl comes from the 
EaJi'Indies. Throughout all Europe they 
draw much of it from old Plaifler, from, the 
Earth of Church-yards, from Pigeon-Houfes, 
Stables S and from Plants ; and as it is drawn 
from Plants which fometimes one fees fuie in 
Fire, and from the Dung of Animals where 
it feems to be brought to Perfeâion, it may 
pafs for a vegetable and animal Salt^ as well as 
tor a mineral^^Salt.. • In fhort, they find Mines 
of Sulphur, common Salt, mineral Salt, Vitri-r 
ol and AUum : But there are Qone of S^l(;-Petçr 
to be found C 

Sal Arp[ioniac is a volatile Salt, urinous, and 
penetrated by an Acid, which cuts, divides 


* Ibid. 1717. p. 127, « Hi.l de J'A^ad. 1717. p. 25. 
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and corrodes. Put one Part of common Salt 
upon five of Urine j add half the Qaantity of 
Soot: Fram this Mixture is fublimatcd a ntri-* 
fiedSobftance, white like Meal, lightly (tick- 
ing together, and friable j and this is artificial 
Sal-Armoniac s. Earths naturally loaded with 
common Salt, hnpregnated with die Urine of 
fcveral Animals, and cxpofed to the Heat of ^ 
the Sun, leem capable of fumifhïng a natural 
Sal-Armoniac. 

As for Salt of Tartar, itisan acidSaltdrawn 
fi-om Tartar; and the Tartar is tBc Lccs of 
Wine flicking to the internal Surface of 
Caflcs. 

But finally, -B^at is the moft probable Ori-. 
gin of thole terreftrial, eily or faltifti Juices? 
Î. It is certain that the Earth is penetrated 
ine Matter agitated without Intermiffion: 
here happen inceiTandy Chanjges in the 
Ï of the Earth; Exhalatrons iuue out of 
the decpeft Minés j the Miitcs of Stones _ 
Petals being exhaufled, are Sled again 
wirfi Stones and Metals. Thefe Changes do 
not happen without the Transportation and 
Agitation nf the Parts. Now, from what does 
this Tranlportation and Agitation immediate- 
ly proceed, if not from the fubtile Matter, 
coràlandy agitated, and what penetrates thb 
Earth^ ^ 

«Ibid. 1716. p. 29. 
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2. The Parts of the Earth being folM and 
irregular, there muft be between thcrii an 
infinite Nombcr of Ihtcrfticcs of dilferent Fi- 
gures. 

3, An Infinity of Particles of Matter driven 
into thofe Interftices, as into fo many Moulds, 
-by the AéKon of tbcribbtilè Mattfet^, otight 
therein to take difiercnt Figures. Thofe Par- 
ticles coining in the End to encounter and 
grapple with one another, cofnpofe divers Cot- 
pufclesy long, (hort, hard, flexible, fmobth, 
rugged, bluné, ûiarp^ or pointed. Such pro- 
bably is dîc Original of terreftrial Juices, Oils, 
Sulphurs, and Salts ; and from the Mixture of 
thofe Juices proceed Metals and Scones. 

2. Thty call Metals Bodies that are fblid, 
hard, capable of melting , and malleable ; a 
Quality which diftinguifbes th^m ffom^ Stones. 
Divers Mixtures of long and ràmofe Parts, of 
Oil, Sulphur^ Salt and Earth, make divers 
Metals ; Tin, Iron, Copper, Silver, Lead and 
Gold* For I. With Sulphur, Vitriol and 
Earth, they make a Species erf" artificial Iron. 
2. From moft Metals they dra\^ Parts • of OH, 
Sulphur, Salt or Earth. 3. Why do Metals 
mclr, and lengthen by a Wiredrawing Iron, ot 
at leaft under the Hammer? Becaufe their long 
and ramofe Parts run opod one another without 
quitting their Hold. Dififerent EMxalatiohs, 
oily, fulphurous, faltifli, and earthy, being 
raifed up by tht Aâioir of the fubtile Matter, 
and mixed toward the Surface of the Earth, 

. N4 make 
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make thcrcîa metalline Vebs, from which 
fhey draw divers Metals. 

The Gravity of Metals is very unequal. Tin 
fiflfords 532 Pounds in one cubical Foot, Iron 
Syày Copper 648, Silver 744, Lead 828, and 
Gold 1368. ' 

Tin contains fulphurous Parts, fince it is in^ 
âame4 with Salt-Peter ; ramofe and flexible,» 
for it melts, and eafily yields to the Hammer ; 
confiderably diftant from each other; in 9. 
Word, it weighs Icfs than other Metals^ 

Irpn is a Compqund of Sulphur, vitrioline 
^alt, and Earth. Did not M, Geofrcy make 
Iron hy a Mixture of thefe three rrinciples ? 
At leaft he jnade a Powder, black, heavy, and 
cleaving tp the Loadftone ; a fpecifi^al Mark 
pf Iron \ Its Parts are ftiflFand grofs: Accord'^ 
ingly it yields with Difficulty, whether to the 
•Fire, pr to the Hammer. But they are confi- 
flerahly diftant from one another, for it is, 
lighter th^n the rnoft Part of other Metals ; 
and of thq Number of thofb which are moft 
eafily diflblvcd hy Jlqua Forhs. There is hard* 
iy any Coqntrey in the World, efpecially toet 
war^s thç Pples, where Nature does not'proh; 
duce Iron. They draw it from the Argtlla \ 
and from a^? infinite Nviniber of Foflils. How 
many mineral Fountains are impregnated with 
^t? They fipd it in the Aihcs of Plants. M. 


b Hift. dcTAcad, 1704. p. jçu SZamsiellu Deferm. 

journ. des Scavans, 17 19. p. 37.S. . 
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GeojVoy examining with a Knife, touched by 
a Loadftone, the Aflies of a Vine Branch, of 
Herbs, and of Wood, exaâiy reduced to Lyc- 
Afhes, always found Parcels of Iron, and he 
efteemed it as a Thing impoilible to make 
Âfhes without making Iron alfo K Did not 
the Royal Society of London fee Grains, of Iron 
drawn from an humane Stone, calcined by Dr. 
f^ijler^? Probably thofe Particles pafs from the 
Vegetables into the Animals themfelves. 

Steel is only refined Irqn. According to the 
Experiments of M. Reaumur «, the moft pro^ 
per Compofition for converting into the hard* 
eft, fineft, and beft Steel, Irons fitteft for be- 
coming Steel, confifts in two Parts of Soot, one 
part of beaten Coal, one Part of Afhes, and à- 
bout threePourths of a Pan of Sea Salt, or ibme^ 
thing lefs. If you ufe iixteen Pounds of Soo^ 
you muft ufe eight of Coal, eight of Aihei^ 
and fix or five only of Sea Salt. 

There muft be a lefs aâive Compofition for 
other Irons ; two Parts of Aihes, one of Soot, 
one of Coal, three Fourths of a Part of Sea 
Salt, or thereabout 

This laft Compofition may be ufed with 
Succefs upon the Iron of the firft Species j but 
the Operation thereof is flowd: and longer. 
The Soot, Coal, Aflies, and Salt require fome 
preparation. They make the Soot pafs thro* 

» 

^ Hift. de TAcad. 1705, p. 65. ^ Journ; desSçav. 17 19. 
p. 378. ™ L'Art de convertir le Fer en Acier. 
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ft pok Scarce > or through "a iort of Sieve, 
^he finer it is, it will be fo ifiuch the more 
tSt&mh The Cod is pounded ; after that it 
18 Ttiaàc to pa6 through a Seârce trioderately 
fiAe. The Aflies are good, provided they are 
of new Wood : Thej niake them alio pais, like 
the Coal, through a Sieve. As for the Sea 
Silt, k is reduced into a very fine Powder. 

The Miiture of Soot, Coal, Aflics and Salt, 
is well made, when the Matter appears to be 
'of the fame Colour, in whatever Part one 
looks on it. ' 

Laftiy, they furround Bars of Iron with this 
Mixturre^ plaifter thé Whole over with Por- 
teras Earth, and put it into a Stove over a vi-^ 
okhx Fire. In the Violence of the Agitation, 
the Particles of the Mixture, the Salts pene- 
trate the Iron , comminute the Parts^ of it, 
^rivtt ouit the earthy Matter which is not fof. 
ficiendy wrought by Nature, fill up its Inter- 
ftices, and bind its Parts togfedier. Hence 
proceed the Fineneis, the Flexibility, and the 
Hafdnefs of the Metal ; and this' is Steel. Cy- 
meters have been made of Steel, fo fine and 
hard, that they cut Bars of Iron without be- 
ing blunted. 

Iron melted, but quickly coded again, is 
changed into hard and brittle Steel ; hard, be- 
daufe the Particles are clofely united; brittle,* 
becaufe the fmall Globules of the Steel only 
touch one inothei^ by fpherical Surfaces. 
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M.ZamçMIi thinks that Iron contains g imk 
Mercuiy, î^refent, feys he, a Piece of paUÛ>- 
ed Iron to iMe; cory,, at die Diflance of two 
Fingef 9 Br«âdth, the Mercury flies to the Uon^ 
and covers its Sttr£3u:e °. 

Copper is Côcrqxxiflded cf more cotnpaâ 
Parts ^n thofe' of Iron, and of a Salt âmtp 
and fixed; for which Reafon Copper is more 
vmghty dian Iron; it is mdced with greater 
DifEiculty, and its Sal« is proper for corroding 
ofFlefli. 

Silver has its Parts nfiore cortipaâ and lei6 
porous than Copper; for A^hich Reaibn it k 
keavien 

Lead is a Tiflîie of I^arts more equal, mtit^ 
flexible, lék ramofe, and left feparated; accord- 
ingly Lead is divided, bent and melted quick^ 
er, and is more ponderous» 

Gold diflers from Silver and Lead, in that 
it refuits from Parts which are at the fatne 
Time more grôfs, more ramofe, more united, 
and lefs porous. Hence Gold is heated and 
melted with DifBcuky; it is the hèaviéfl of 
Metals, and niay «be drawn out almofl: to an in^ 
jfinite Length. 

There are Minerals, which are not proper-» 
ly Metals, not being malleable; but which 
are notwithftanding Metalline , by Reafon of 
the Parts which they contain ; Antimony, fof 
]&xample9 ia the Analyfis which is made of it,, 

» Journ.dcs Sçvf* 1719. p^ 376» 

appears 


iSS CoNVERSAtlOli XIV.- 

appears to be but a metallineJSubftahce, mixed 
vrich a good deal of very volatile Sulphur, and 
ft kind pf acid Salt ; whefice Antimony caufes 
vomiting. Quickûlver y which alfo contains 
ibmething metalline^ is a Body compounded of 
round, poli(hed and flippery Parts, v^hofe Pores 
allow a Paflage only to the fubtile Matter : For 
vi^ich Reaibn Quickûlver is fluid , and its 
Drops are formed round, becaufe the Air which 
cannot penetrate them, byReàfonoftheSmal- 
nefs 01 their Pores > thrufts them towards a 
common Center, until they equally refift it on 
ftll Sides under a fpherical Surface. LaiUy, 
native Cinnabar is a Mixture of Quickfilver and 
Sulphur; in a Word,^ Art produces one very 
like it from Sulphur and Quickfilver. 

It is of fome Importance to know by what 
Marks one may difcern the Places where Na- 
ture Conceals her Treafures. Oftentimes (he 
fcems to lay Snares for the Curipfity and Co- 
vetoufnefe of Men, who being deceived by fine 
Appearances, open thç Eloiom of the Earth 
Vithouc Succefs. Wç have f^en it opened 
pear P^ris with very confidprabic, but very 
liiclefs Expences. But thofe Places of the 
Barth that appear burnt, protuberant and 
snixe4 with white Rocks like Sorts of Cryftals; 
rarely cjeceivc. Thefe are Signs almoft infal- 
lit}!^ of ^n abundance of Mines. Coppçr is 
4ifcovef ed fopiptimes by the Ver4igrcafç which 
|t throws out from the Earth <^. 

f. Mea. deTrcToaz. Sept. 1704. p. t6ai. 
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%. Stones do not difler from Nibtals, but ia 
having their Parts lefs ramofe, lefs interwoven^ 
and confequently lefs proper for being melted, 
or extended under the Hammer. At lead it ia 
certain that there are Stones formed of Sul«p 
phur and Earth, fincé there are Flints which 
being rubbed againft one another, fend forth à 
fulphuroiis Smell. ^They difHnguifh two Sort$ 
of Stones, common Stones and precious StonesL 

There are fome Stones formed of Challi^ 
jand others of a iiuid Matter, or of a foft Pafle 
which dries and hardens, i. There are fbme 
formed of Chalk, whofe Parts are probably 
linked together by certain Sulphurs; for Stcmea 
are found in Quarries, where fome Years be- 
fore one found only Chalk, and the Stones are 
different according to\ the Diverfity of Chalks* 
2. There are fome formed of a fluid Matter,* 
or of. a foft Pafte. Stones cannot contain fo-* 
reign Bodies within them, unlefs they enured 
when they were a fluid Matter, or at leaft a 
loft Paflie. But there are continually found ia 
ibme Stones, Leaves, Plants, Infeâs, Bones of 
terreftrial Animals , and of Men^ yea whole 
Skeletons p, Fiflies and Shells. Therefore, &ù. 

The Shells which are found in the Genera- 
lity of Quarri^, feem to prove that the Sur- 
face of the terreftrial Globe h^s been Mud and 
Mire drenched with the Water of the Sea, at. 
leaft to a certain Depth. Therefore the Wa« 

P Hift. de TAcad. 1716. p. 1 5. 1706. p. xo. 

tcr 


îpô Conversation XlV. 

ter of the Sea has covered tké whole Earthy 
jand thence probably it is that the Shelves odr 
jBeds of Scones^ which are found: in the Plains» 
are ordinarily hcuixoQtal» and parallel amoogft 
themfelves. 

' When the Petrification of the fame Ma6 
has not been concinned, but th$t otte Part of 
at Was done in a certain Tirtie» and anothei^ 
Fart in another Time» the Stone appears dU^ 
pdfed in Fonn of Beda» like di« Trunk of a 
Tree whofe Accretion is interrupted in Wizir 
ter. ' .1 

The Variety of Stones proceods from the 
IHverfity of Mixtures. , For Example» if fon^e 
Oil happen to unite the Grains of Sand, it is 
Wown Free-Scone. . If the Parts of Salt and 
Oil, whofe irregular Texture would make 
'$ancl, are united in fuch Manner that a Ma6 
refults from them whofe Pores are dire^ and 
leave a free Parage every Way for the Lights 
it is Cryftal. In a Word, Cryftal may be cal- 
cined like Free-ftone. Are the Pans fit fot 
compofing Cryftal more ftraitly united? It is 
Diamond. Some Parts of Metal in Compofi- 
tions, which without this Mixture would make 
Diamonds, render the Compofitions lefs hard, 
and make Colours to appear in them; and 
tfaefe are Agates, Eou^Ids, Topazes, Rubiea 
Bad Sapphires. 

There are Stones formed even of Wood it-- 
felf 1 Wood is- petrified, whea Particles of 

< Jour. dc8 Sçav. 3. Feb, 1693. 
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fiand, Chalk, Scones ^or Salt^ infiftaate theni- 
£blves and fink into the Poreè of the Woo^, 
and are there faftened to one another. And 
if thofe fmali Parts are fattened bf certain Mi:s<- 
wres of Sulphur, the^e is Metal formed in the 
Wood itfelf. They have found in petrified 
Wood a Vein of Metal, red and very fine. 
But a much more aftonifhing Petrification is 
that which Father Kirker mentions of a whdc 
Village Ml Ap'ica turned into Stone, with all 
diat was in it, even to the Inhabitants them- 
Sblves ^. For fuch an Event the Earth of that 
Countrey muft: needs have emitted a ftrangç 
Quantity of Salt, to be capable of penetrating 
divers Bodies and there fixing themfelve;. The 
Faâ might have appeared more marvellous^ 
l|ad it been le(s ib. And if it were not top 
iurprizing not to be fufpeâed, there would \yf^ 
no greater Difficulty in believing what Acofia 
fiiys of à Company of Spanijh Cavaliers tvirne4 
into Stones. ^~" 

However diat be, the Sea has its Stones. 
The Galets arc Flints ordinarily round , and 
aix^ays polifhed, which the Sea throws upon 
the Coans. Whence proceeds their round Fi- 
gure, and their Smoothnefs? From their ha- 
ving been a long Tinie agitated by the Waves 
and worn againft one another. 

One would fcarcely believe that Worms 
gniaw Stones. Never thelefs aVirtuofo, whofound 

; Muni Subt T*n. L. VHI. Sec. 2. p. 50, 
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Worms in a g&aWed Stone^ fhbt theiii up! in 2 
Box with fome Pieces of the Stone j and eight 
Pays aftei;' he found the Pieces fenfibly gnawed; 

Thofe fmalllnfeâs éat folid Bodies fo much 
the more eafily^ as having a fort of Needle^ 
very hard and (harp, they infert them more 
eafily into the Interftices of Stones. 

Will you fulgoin nothing ço this Difcoutfei^ 

Jlriji. I thought as you proceeded I faw thé 
ïland of Nature forming precious Scones; 
But M Getfrofs Syftcm » upon the Origin of 
Stones has appeared to me very fimple j herd 
it is, I thinki. in few Words. Earth without 
Mixture is the only neceflary Ground for Pe* 
irîfaâions. There are two Sorts of primitive 
Parts in the Earth i the one wliich are very 
fine Lamina^ and almoft equal among them^^ 
felves, and the other which have all Sorts o£ 
irregular Figures. The firft being united in à 
fufHcient Quantity make a homogeneous Body# 
very hard by Reafon ef the immediate Gontàâ: 
of the Parts, and tranfparent becaufe df their 
regular Difpoûtion^ which leaves free Pafiages. 
every Way for the Light j ^ and this is Gryftah 
The other, leis fufceptible of immediate Gon-* 
tafit, and a regular Difpofition, only fornxopake 
and lefs hard CoUedlions. Cryftals are only 
formed of the firft ; others are formed both of 
the firf): and fécond i the firft ace a ftony cry-» 

• Hai.dcrAcad. 1716. pg. • 
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câalîiiie juke ; Water, jay oiie may obfcrve frpin 
i?m^ ftQny'FQunains, whkh incruâ with 6too0 
^tihe Pipeç through which they flow, is a pro- 
per Vj^hiqle for carrying this Juice; this jiiide 
is more weighty and fixed than Water, aad is 
iPéver Q^^pocated with it 

.This heifig ^r^ted, aftef wliâit Manner fe 
. ftaniral ÇryftS formed ? Much after the fame 
iM^nncr 4S feUnc Cryftals in Chymiftry. A 
Water charged iwith Sak:is evaporaied flowly 
:îft a cool Place.j the Salts, which were -too 
itnuch feparaited, approach one another in the 
..Evaporation \ the Slowoéfe of the E^poratir» 
.on a^rds them/ ih their. approaching one an^ 
pther flûwlyy Leifure for affiimingy without 
- Confufion, fuch an Arrangement as is fit; the 
?.Çold which. diûàiniûies the Agitation of ^ the 
Water flowly^ contributes to the liw Effcéts ; 
^lencc chymical Cif yftals. Water eharged vrith 
cryfftallioc Juioe, fallen through the Cfefts of à 
Rock to. tli Bouom, has permitted the Parti-' 
des di the cryftalline Juice to approach one 
another in the flow Evaporation ; and this is 
ilock-oryftàL 

Crjrftal is . not formed univerfalïy alike, be- 
cauièthe cryi^alline^Joice is unequally di^fed. 
if W«}er eharged with this Juice; paflkg thro' 
41 Pprdotn of "Earth, bind the Parts of it toge- 
ther^ and be evaporated, the Compound hard-' 
;eJDS into cooùmon Stonç. Thd Stone approsK^h-^ 
es more or lefs to Cryftal, according to the 
Qjiantity of cryftalline Juîcç ; and k is of a 
'^ I. O finer 
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finer Grain, siccording as the Melecula of Ëartlt 
are more homogeneous and fmaller^ hencie 
Marble. Finally, divers Mixtures of cryftal- 
line Juice and grofs Parts make different 
Stones, Flints, Agates, G?r. 

Eud. The Hypothefis is ingenious, and I 
love to fee you form Marble, Cryftals, Agates, 
and precious Stones,, after M. Geoffrey y in fo 
iimpîe a Manner. But there is no Stone that 
ftrikes me fo much as the Loadftone. 

Ariji. You will teach me the Original of the 
Magnetic Virtue* I will endeavour to explain 
the Effeâs of it , after you have difcourfed of 
the vulnerary Stone, wnich you omitted; 'tis 
true it is only an artificial one, but eâicacious 
enough to deferve fome Rc^rd. 

End. Let us confine our felves then to the 
limple vulnerary Stone. '* As for the fimpfc 
vulnerary Stone, fays M. Geofroy \ they take 
equal Parts of the Filings of Iron, and of 
" pulverized Tartar, they majkc them ii>- 
" to a foft Pafte with Wine or Aqua Vitte^ 
^ and leave the Matter in Digeflion before 
** the Sun in the Summer, moving it from 
" Time to Time, until the Whole be dried up 
" intirely. They reduce the Mafs into Pow- 
^' der, and after that foak it k Wine,, making 
" it digefl again, and then dry it. They re- 
** peat tjhefe Operations until they perceive no 
Yi more Grains of Filings^ and the Whole be 

. t M«in..der.dod. 1713. p. 187. 
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, reduced into a very fine PoWder. Tlicrt 
" yriùi ^qaà F'ffa they fbnh Balls of it. Which 
*' ■ they leave to dry in the Air, and to harden j 
** this is the fimple vulnerary Stone, whole 
^ fîngulâr Virtues they boaft (o much of ((^] 
•* healiiig Wounds and Ulcers. 

" They foafc this Stone in Wine for fomd 
■ ** Tiinei or in ^qua Vita or Urine j and with 
" this Diflolutipn they wa(h fimple Wounds, 
" or elfe iyringe them inwardly j fdmttimes 
*î they fpread the Stone itfelf upon the Wound 
" reduced intoPowder to. ftop Hemorrhage^ ■ 
*^ and apply GonipreÛès . fc^iked in the fame 
** Solution upon it^ wlucn they renew once in 
"^twenty ibur Hours.^ T^ey do the fame 
* Thing for Ulcers, which it dries up and ci- 
*' çatrizes quickly.. . . , , 

Let us now, Jb-ijius, only think of unveil- 
ing the Aïyftèries of the LoadAone, if pof* 
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Upoi^ the Loadjione. 

TILL you have difcovercd to me 
the Myftçrîes of the Loadftonc, Ï. 
fhall be ho more at Quiet than a Loadftone it- 
fel^ which is not in its natural Situation^ and 
which is fccking out the Poles of theEart^. 

Eud. The Loadftonc, that Mineral, who^ 
Kredion guides us without erring through^ 
unknown .Ways even to the End of the Worlds 
and brings us hoi^e again loaded with the 
Stones of the Eaft, and with the Gold of Peru 
is nothing elfe, at leaflr ordinarily, but a black- 
ifli and ferruginous Stone, which is found in 
Iron Mines ^ but harder than Iron itfelf. A 
certain Author " makes Mention of a white 
Loadftone^ and that it is as ftrong as the beft; 
but a white Lo^idftone^ is very rare. 

Certainly this fort of Stone has aftonifliing 
Properties, and much more capable of ftri-^ 
king a Philofbpher than Gold, precious Stones 
and Diamonds; nanauely the Direâion, mag- 
netic Vortex, Attraâion, Communication, In- 
clination and Declenfion. 


« VelfcbiuSi J. des Sçav. 29 Mar. 1677. p. 80. 
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A Loadftdfte at LibëVty and Ihfpendcd by % 
^fèàd, fecitts to affeét to tijrn always tlie 
^imt SîdéS toward the fanfe Poles of tfee Earth; 
•and Utile is «4i{it they call thélRrèaîon pf the 
Loadftone. An knpercept^le MaWer incefc- 
fently cîrçuliates round it> ifl&fng otft of one 
.cf its G^po0te Sides^ arid énfcrîrig again thr6' 
the ti^hfer, arid leaving Traced, which ifepré- 
/eht Its cîréukr Motipo^^ m die Filîn^ éf Bteél 
vor Irôri fcattefed upon Paper, which tlfey bring 
«ear it ; this is the miagriètîc Vortex, Vig. î 7. 
îfou feobw they call a Vortex 4bme liquid 
ïVEittièi: Which cîtculàtèé round about à fpherl- 
^al Body. The Loâdftorie, Iron and S^tcel bcr 
ing free and placed at a cfrtaiii Diftahce, are 
^ttacheci to the Loadftone* as oî themièlves^ 
this is AttraQiori. ^They ïly that there fe îh 
the Mufeum of the Royal Society at LmSon^ a 
Loadftone which attraQs a Needle àt nine 
Foot Diftàficè * In thé very Moment of this 
hiàrvellous Union the Loadftone makes its pro^ 
perties pafs at once into iht Iron and Steel, 
into the Blade of à Knife, and the Needle of » 
Marineras Çompâli ; this is Gotemunication. 
Should it approach to à Pole of the Earth, 
the Side which is pearèft the Pole is^ biafs'd and 
inclines toward the Earth; this is Inclination. 
Inclination is remarkably fenfible in a Needle 
touched with the Loadftone. . Finally^ the Di- 
reiflion of thé Loadftone, and of Bodies touch- 

• * « 

f Jour, des Sçav. 12 Mfr. 1682. p. 79. 
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eçl Vixùi % jtowards the Poles of the Eardi is 
lipc iq fixed but that they decline fome £l|e- 
grees towards the Eaj(^^ qr towards the 
Weft; and this is the PeclinatioA of the 
liOadftone. 

Arifi. I am well apprissed of thefe Woij- 
der$, neither am I weary of admiring ;hem y 
but wijat is their Original, or lyh^t i^ the phy- 
sical Çauiè, who^ A<r^ÎQ9 produces them? 
Upon this Head onç has fopae Difficulty to 
cxpkin one's fc^f clearly. 

Eud. It is a fyv% of fut)tile Matter , which 
:funmng from^ one fole of the E^rth toward 
the other, penetçatçs the Loaîdftone and Bodies 
ÎQUched wit|;i it. * ' * 

I. It is a ibrt o| Aibtile Matter. For it is 
fiQt tjici I^oadftonf) the Wonders of thq Load- 
ilone conûft in divers Motions of the Loadp 
ilone itfelf, of Irçn and Steel ; and the Load-- 
ilone is not moved of itfel^ being only ine^ 
|eâual IVIatter which docs hot properly move 
the Iron qr Steel tut they comç in Search dE 
It, even when it is immovable. What is then 
thi§ Source of phi^oibphical Prodigies ? It muft 
\>c agitated Matter, $ut imperceptible. It iS;| 
I iky, agitated Matter, fince it produces Mptiv 
ens of inaninxate Bodies, Motions wlij,ch de- 
pend upon the Stroke upon fome Matter; it is 
Imperceptible Matter; it does not aifeâ th9 
Çenfes. Now this imperceptible Matter is 4 
fort of a fubtile Matter, or only the Air. It iS 
iiot merely the Air ; the Air does not àffçâ to 
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unite two Loadftones. Have they loft their 
Vortex in the Fire ? It is certain diat the Air 
,does not unite them. Therefore it is a more 
cefined Matter, a fi>rt of fuJDtile Matter. 

2. This Matter flows near die Surface of 
die Earth from one Pole toward the other: 
Being agitated as it is^ it cannot h^e a Di- 
reâion from Pole to Pde wkhout flowing af- 
iter that Manner, fiut it Jhas. a Direâion from 
Pole to Pole; for it gives fiich a Direâion to 
)the Loadftone being at tSxtty^ and M.de la 
Hire having endofed in a Stone fome confide- 
rably fine In»i Wires» and P|»rallel to the Axis 
of the Eartht or placed in the Plane of the 
jMEerldian, at the End of ten Years found, that 
the Matter which animates the Loadftone, 
flowed from one End to the other of thpie 

3^ Laftly, this Matter penetrates the Load-- 
ii:one. Prefent to a Loadftone a light Bed of 
Filings Qf Iron or Steel» fcatteired upon ibme 
Paper. Imn^ediately a Vortex of Filings £bems 
to iflue oi|t from the two oppofite Sides of the 
lioadi^one; a Vortex which cannot be formed 
but by a Vprtejf of futftilp Matter that iîÇics 
put of the Loadftone. 

The furprizûng Effeâs then of the Loadftone 
proceed from a fort of fubtile Matter^ which 
flowing ffpo) one Pole pf the Earth toward 
the other, penetrates the Loadftone and 60-* 

y Hift dc I'Acad. 1705. p. 7. 
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dies . tcKtni^ed wisH' ^ Wbich Ivfls^^ to' fifr 

Bac in Order to éômprchtioid ûm Mech^ 
pifm of Urn Matter^ ^^hich ichey cadfl x»lagntttie^ 
Matter, let us make fome Oh&rvadona 
. I. The Matter, which direStsr the two Ex^ 
tétimûe$ of the {jdidftone cov^ai4 the twiqi 
Poier of the Earth y âows inceâândy afl»d ra^ 
pidiy from the one to: the other ci thole Ex--' 
vccnùûts I as one may obferve Jby c the VdocitV 
with \lhii::h it ^rmé the Vortex of Pile punj 
Therefore there mufi be in the im^tial Part 
of the Earjth a Fluid of the like >&tùre, tvbich 
âotwikig £rom Pde tb Pole maked itiè^ free 
FdËiges in the Lo^utttone, while it i0 forming 
jin an Iron Minie. 

. «. > The mi^eyic Matter that i£ke^ out ra^ 
pidly from one Extremity of the Loadftone,' 
and is^ no doubt, refle^gted by the Reéftanc^e of 
the Air, which inbreaiës in PfopdrtiôÀ to the 
Velocity of une Matter that jftrflMf? It^ circus 
latea upon the SurâiGe of the Load^one; Why 
fiiiAM not the letter which te unified toward* 
^ Ppje of the Bartb, and daited out into thé 
Air, be refleéted after the âme Manner by th^ 
^efiftance of the Air, and fytCté to ietutn bf^ 
circulating near both t^ interdat and external 
Surface of the Egrth ? Thus ydu have a Vor* 
téx of magnetic Matter round abo^t jthe E^rth^ 
as wellasfSibouctheLoadftohe. ^ 

3. Can pne be aftonifhcd after this, that 
^ey look upon the Earth 31s g great ']Loa(^ne, 
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isad mpeuL ûs& ïjasâ&oae as a. ihtle Eardi,. 
^làxiài hss ii&J^btcs, Am, Meri^tn and £^ 

' Therefore tbcy diâingtû^flb tvroPoïe» i» thô 
jLofldftone^ a Sooth at meridionat one, and ^ 
North or feptencrional one; Thole two PQte$ 
are the two Sides c^ the Loadftone, which torre 
^ of Jtbem&l^tewajrd thePotes of the Earth. 
Th6 Pole, \iiiich «I thelVfftie lay Soujchward 
iai (he meridiicnM^ Pok} and thae vhiph fac^ 
the North, i«' die Septentrional: 

'4. If the Matter which ciroQlates rowd a»-- 
b0ot the lAÀàSètmoAy could enter again hf the 
Pole whidi per<nit$ \t to iâliâ out, it woold' 
nbt cirortace; Cc»}(è(|ueiiciy the fame P^9 
of magntftic Matter do not find Acceâ into a 
Loa4Éftc«e but b^ the fame Pde. Db th^ en^ 
xm by the merîdkm^l Pole? They cannot en- 
tw by the Sepieocfional. If they enter by the' 
fepiefitf ipn»l Pole, they canfcot enter by the 
Meridional. Fo» which Reafon a Loadftone 
fofpended ov»r thi^ Siwém» of the Earth, can- 
not receive ^reôly the Matter which palTed 
through it » fhe Mine, and which retium» by 
circulating, without being in an oppofite Sk 
tdseicm. Did it»- meridiofial Pole receive Mat- 
ter- comity foMft the So«th ? It ought to facç' 
the North in order tx^ receive the &me Matte; 
on its RetVtf a; Hence the Pofe which points 
to the North, i» called the méridional Pole of 
the LoadftcMie, and the of^^te Pole is called 

the ScpteiïtïtQà^ ' 
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. 5. The Pores of the Earth and Loadftonc 
ought to have a particular Configuration, fincc 
they do not receive the fame magnetic Matter 
but only by one Part, neither docs it produce 
^e fame EfFeâs in all Bodies. Has not the 
ijoagnetic Matter itfelf its own Configura- 
tion? 

M Huygens conceived its Particles to be like 
fo many Parts, and thq Pores pf the Load- 
ilone like fmall Pipes, whofe internal Surfaces 
was beftrewed with finall flexible Hairs» in- 
dinmg to one Side for letting the Fluid run» 
but always ready to refift and hinder Its r&r 
tproing by the iame Way : M. Defcartes coti^ 
ceived thofe Particles as fo many Screws tume4 
round contrary Ways, and the Pores as fo ma^ 
ny Screw-Boxes formed in an oppofiie Man*! 
ner, and fit for letting the Fluid run; the pne 
iMily from South to North, and the other only 
from North tp South. Ttxe firft Opmion ap- 
pears more fintple, and the fécond more inge^ 
nious. But as a Thousand diiFerent Configura- 
tions of Parts and Pores may caufe a magnetic 
Vwtex, one can detemune nothing upon this 
Head. 

6. Does the magnetic Matter come firom 
both Poles of the Earth, into both Poles of the 
Loadftonc? M. Defcartes believed it ; and there 
is no folid Reafon to prove the contrary. If 
th(^ Matter did not come from both Poles, 
Bodies thrown upward under the Equator, be«^ 
ing thruft more toward onç IV^flç than the o- 

ther. 
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^er, would çhey fall pçrpendîcqlarly ? ALoa4-' 
ftpnè being at Liberty, would it not be carried 
^way by thç Torrent of this Matter ? 

jiriji. There feems to' bq nothing more 
peedful to explain thie Experiments of the 
Loadftonc, 

Eud. Well ! I am going to make fonae ve- 
ry curious ones ; you fhall explain them. 

In the firft Place I hang up an excellent 
Loadftonc by a Thread perpendicular to its 
Axis. — It 4$ agitated, and appears reftlçfii, 
until its South Pole be çurned toward the North, 
and its North Pole toward the South, 

jiriji. The fine Matter which flows ra- 
pidly from one Pole of the Earth towards th^ 
other, and which at firft does not fimd in the 
Stone the Pole appointed to receive it, follow- 
ing its Direâion, attempts in vain to enter, 
ilrikes., and thrufts irregularly. The Stone 
being ftruçk a^d (hruft in that Sort, yields to 
thç Çtrokes according to their Force. Hencc^ 
thijs Agitation, and a kind of Reftleflheis. j^ 
yirtue of its being agitated in turning about, 
it prefeii^ at laft. to 'the Direction of the mag-r 
netic Matter the Pole deftined* for receiving i^ 
and which did receive it in the Bofpm ot tln^ 
Earth! The Matter finds thcfrein a fi-ee Ac- 
ceÊ, flows into it, penetrates the Stone, and 
paflès through without pufhing it more to one 
Side than another ; and the Loadfttxne remains 
immovables no vaott Reftlefsnefs. I^aw it one 
of this Situation: Its firft Reillefsnefs is reûew- 

cd 
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-^ âttd ceaics by the fame Reafon. Now, tfiç 
"méridional Pole of the Loadîlonc, or that 
which faced t!hfc South when it was ^ithr 
in die Earthi oUgRt to face ûk ^îorth ahove 
liie Stfrfiicç trf the Earth, te ^âtr to give ïree 
Accefs to the Matter which returns by 0r- 
lÉwlatîon. iThîUS xht Loadftctae is agitated till 
its meridional Pole be turned toward the 
Nordî, and it^ Septentrional toward the South j 
^nd this is the jyittéxon of the Loadfton^j 
A Dîreôiori which guides our Veflels oVer 
blocks, fitwtt' one End of the World to the Or 
jhcr. 

Eud. tfdc vti how ftrew upon Paper « pretty 
1km Bed of Filings of Iron. I bting the Storiie 
Ii€$r it jper péndicularly, eithéf above or below j 
I agitate the Paper a little in order to facilir 
rate the AtSKon of dhp File-duft. Xou fee it 
at once divided, as of itfelf, into fmall circur 
feir Threads which fèetti ta tffue^ out of the 
Poles of the Stone, and difpofcd round abouj: 
k in Form of a Vof tex- 

j^Jf. The ihagnetic iMàttef that iffues out 
^ pf the Pofe, *nij is teflefted by the Air, whicli 
encounters it diréâty, arid feufts Co touch the 
fllbre as it is fti*Uck With the gfeater Velocity 
by the Matter tjnited in the Pôîe, mit finding 
Àccefe to enter by the faiite Pole, by Reafoft of 
Ac Matter which comeé inceffantly, and th4 
Configuration of the Pores, is divided into con- 
eehtral Semicircles, fomc of them ftronger, 
and other» Weaker, icparated a little by th^ 
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OppofitioQ of th<^ Air; and. cirqulatifig Upon 
die Surface of the Loadfbij^ in.Fptm of a 
Yortex, it comcç in Quefl: of the. Pole, wJiid^ 
received it at firft in its Way. tt finds, the 
Filings of Iron, penetrates tbâ», and lays, 
them along, became it flows in them more eas- 
fily than in the Air, by Reafon that the Pores^ 
of the Iron, are njore proportioned to the Coo-^ 
figuration of its Parts, more folid, and lefsin-r 
tèrrupted than the Interftices of the Air incet» 
fandy agitated with an univeriaji MoticMi, Thus 
it dpfcribes the^ Figure of its Vqrtex.; and the. 
^lye being furpri;çed, fees, in the Fik-duft a, 
^iM-tçx formed all . at once. 

Eud, To th^.Soptb.Polp of this Loadfl:on© 
fufpend^d, I^prefcjic the North Pole of another 
Loadftone which is free. Tb;e . one a^traa» thet 
cipher ; and you. wouid* fay. that an agreeable 
Sympathy u^iited them both; 

Jkifi^ In tlfiis Situation the Matter, which jgv 
djurted out frow orq. of the Loadftones, finds a ; 
free Accefs into the other, and is carried thi- 
tlxer with extreme Velocity , driving out the 
Air, from betweea the Loadfîpncs. There ia*? 
no more EiquiUbrium^ The. Air: being .drivea 
out retires, and isi contraàcd behind the Load^ 
fljpnes; being contraâed it is dilated; Ihjts 
bçing dilated, it puûxes the Loadftones towanfa 
oije another. The. Loadûones being pufhcc^., 
the one towards the. other by. opppfiw Foqces^ 
and finding lefs Force to overcome inwaifdly 
than outwardly, becaufe' there is nothing elfc 
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ilmoft found between theni but fbmô ver^ 
fine Matter which eafily penetrates them ; and 
becaufe they arc protruded by the external Air^ 
both th6 one and thé other ^ield tb thd Excefs 
of Force, approach otic another; and iarrc uni- 
ted, by a real Impblfion to which moreover 
they give the Name of Attraâioh, and they 
remain attached together in one conimbh Vor- 
tex, which one may fee defcriBed upon ibma* 
Filings of Iron or Steel. 

Eud. Let us feparate the Loadflones, and 
prefent the two Poles of the fame Name to 
one another, the two Meridionals, or the two 
Septentrionals. The Loadftones feem to fly 
from one another. Would you hot fay that i 
lecret Antipathy had fuddenly fucceeded to the 
ftrongeft Sympathy? 

j^Jl. The Matter which impetuoufly flbwé 
from one Pole to the other of the fame Name^ 
not finding therein any Accefs , becaufe it ià 
not the Pole prepared for receiving it, or which 
received it in the Mine, thrufts it back with 
all its Force out of its Vortex, and does it the 
more cffeétually becaufe it moves with greater 
Velocity, until it find nothing more to ftraiteri 
its Sphere of Adtivity. The Loadftones being 
protruded after this Manner towards oppofité 
Parts, where they find contrary Forces lefs 
united, and Spaces more free, yield rather to 
the Excefs of a foreign Force , than to tbci 
Motion of a fecret Antipathy. 

MuÀ 
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"Èud. Let us only ufe one Loadftone. I 
prefent to it a Plate of Copper $ it does not 
attraâ it in the leaft. ' 

Arijl. The Matter that iffues out of the 
Loaduohe, with a Configuration proportioned 
to the Pores of the Loadftone itfelf, not find- 
ing in thofe of the Copper the fame Difpofiti- 
tion for receiving it, does not run into them^ 
neither is it united in a fufficient Quantity^ 
not to leave much Air between the Loadftone 
and the Copper. Hence, the Air which re- 
mains, and the Matter which does not pals 
through, repel the Copper. The Fluid, which 
pafies through, and returns being refledted by 
the external Air, drives back the Plate, fe- 
conded by the Spring and Preffiire of the Air: 
The Plate being impelled towards two op- 
pofite Parts by equal Forces, obeys them e- 
qually, and remains at Reft. 

End. The Loadftone attraâs neither Lead 
nor Wood, by the fame Reafon. But if I 
bring a Plate of Iron near it, the Iron comes 
and applies itfelf to it. 

Artfi. The magnetic Matter meets with the 
fame Configuration of Pores almoft in the Iron 
as in the Loadftone, which is found in Mines 
of Iron. It finds free Accefs, runs into them, 
and is united in a fufficient Quantity to drive 
out almoft all the Air from between the Iron 
and the Loadftone. The Air being driven our, 
returns backward upon the Loadmme and the 
Iron. The Iron being violently propelled to- 
ward 
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the LcfidftcHie, without ândkig ktrj^Uiy^ 
fiade between the looadftone jand 1^ becftufe^ic 
gives a free Pailàge to the v^iiignQtic Mmtier, 
^lows (he ftfOfi^Ûr Imprëffîoa» ifiies toward 
the LoadftoQe» md lays bold .on it^ as one 
Loadftone lay^ liold on another. 

Èud. On (he fame Prihoit^e one tni^t &e 
the faaie Diyeirfion in SieeL JBut let us put a 
'X^oadftone.upQn Waiter in a iitde Boat of Pafte- 
hoaid, and embark vfith it thefe UtdeiFigures^ 
. they are Toys and Play Things- Do.not you 
ohferve theJUôfldftone icfetf» feltewed with the 
Toys, come Iwimming iti Qgeft jofthe fixed 
Steel, which is presented to it. 

^iji. Since ' the Air driven from between 
the Loadftoae and the Steel, retires ; eqosUy 
behind both, it thrufis .equally the Steel to- 
.ward the Loadftone, and the Loadftone to- 
ward the îteel. They both obferve the:Laws 
rof Nature «xtfâly; the ^Loadftone y^fhith is 
ifrœ comesactended wichitheToys in Q^eftof 
the Steel, whic|);is not £>• 

Eud. To this Plate of Steel . atttidied to die f^ 
X^oadflone , I affix a Wei^t of 2$ Pounds. 
The Weight Qionot loofe it from idbe Load-* 
^ne. This Loadftone e^jals that which M, 
Huygem m^de Ufe of % and is not inferior to 
that \^;hîich iwas oâercd to :^Sale for 5000 Li- 
èvres m, 1^92^ aâd which vWeighiog ûnly de- 

! Hift.:dc Uâcad. tfyjg, p. igfr 
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ven Ounces -did notwuhftahding bear up 28 
^ Pound of Iron *. . 

^ijl. The PreiSurc of the external Air, the 
Fulnefs of . the World, the immediate Contaét 
of the XÀmiria of Steel, and of the Steel with 
which the Loadftone is armed in its two 
Poles, . produce this furprizing EfFedt. The 
Preflu re, which proceeds from the Gravity of 
the Air, ha^ a good Share in it. The Fulnefs 
of the Wprfd-f- is the Caufe why the Lamina of 
Steel eaflhot be loofed perpendicularly, without 
Ibme Matter fucceeding in the Place of the fo* 
lid Parts of the two Steels, which touch one 
another , immediately ; and it is very difficult 
for any Mattçr to flow there, becaufe a whole 
Plane muf^ be feparated from another almpfl 
at the faa^ Time, and the external Matter 
cannot, without extraordijiaryEiForts, flide along 
with .Celerity enough nptto leave any F^cuum^ 
. Eu J, The Armour, . which confifts of Plates 
of Steel applied to the Pole of a Loadftone,^ 
augments its Force very much. Certain Lof d-<C 
ftones being armed, are thereby made two^ 
Hundred Times ftronger \\ 

Arifi.. The invifible Matter, wh(ich prodo-. 
ces the. Wonders of the Loadftone, pafleft/ffjonji 
the Loadftone into the Armour of die Steçl, ^& 
from a larger Bed into a ftraiter one; it^lfo 
pafles therein with more Freedom, becaufe the.' 

♦ Hift.dc I'Acad. 1702. p. i8. • Hift.de I'Acad. I723«p. 102. 
+ Vide Notes Co» vers at, V. and IX. 
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Sted is^bf a Matter more ftiff than Ac l^agnétj 
which is a Stone. . Hence the magnetic Mat- 
ter accelerates its Motion , and its Excefs of 
Motion is an Excefs oF Force. -MoWovér, the 
Steel bcing-fmootherthah %oAc, tfifte^ 
îefs Air between t|iç Steel and tHc^ÇddîesVfticE 
are immediately -attached' to^ if, . t^ânJ betwixt 
the Stonc^ ^d Ihofi Boffic^.' * " - '•' t 
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Steer,, Beconies Tuddchlyi . ^as it* wire,' fcïftted ? 
Whatftihirizes fbd fe, that putting'^ Èamina 
of C^|)er lifctwèçn the "F?[ing$: zha L(5âd^ne, 
the raîri^ àrfc^ftaéhéd tx> . the paniina of eop- 
pei-, wfthotit iJife L'àmnà being attached to thç 
LoâMônë; '' Midë tiié Loaçfftone over the up- 
pi- >rfaèe'^ of the Lamina. Yxm may fee 
pfcirpéndîcuïar Threads of Filings ilidifiig along 
at ihe f^me Time upon the inferior Snrfacc* 
What, magical Charm holds them attached by 
one t)f thdr Extremities, and makes them go 
and fetbm rabidly, as at the Pleafare oiF the 
Ixjadfloné? \ ' ' 

Arift. The Lamina of Copper i^'nqt at- 
caKiied'to the'l^'aî^^ bccàufe ^é .mî^nètic 
Rfâttw r ftçî pâiffing eanly éndbgh* throu^ the* 
PôrÀ:t>i? ?hé Cbppen 'as wé haver Mî aWt^ly^ 
thçit,^«^fls foychV fhis^ Matter i^U'm 
bet^iv^îhi €^ôppcr îtod* Ld^ftôiii; ' *BÔtît4hat 
whicl»^0îiÏÏÈsi finding an eafie Accefk into the 
Filni|si* j^ns^ iipundantly lïi^o* tnëtti,, and drives 
out ajmoil' ^l'ài^.â;& Vfi»âi' k%\m(i between 
' ' - ' * the 
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tht J^Mmna and the Filings; no more ^uilir- 
htium of FoTGes. at the of>ppûte Ends of -^ 
imall Parts of the Filings ^ the. Air driven out 
becomes vifiborious, protrudes : toward the h^ 
P^9^ ^ *ftW^ them >ttacHc4 /to^ it* Such is 
xha ônviÂhfe: ftopd- 'Py the iâmç . Principle, 
'Wh¥i^V:pr yqa Aide t^e Xi0^d{h)ne tow^i;^. onp 
JPart, >theoAî(^ carrijcs thither .the Threads qf 
<he F^iig^: This, Ijchink, is^;hç Spring 
which: prdfe^fLS to our £yesthe n^gical Divep* 
fions ox the Loadftone. > 

. Endé I i^ove the lAnd(lone a little fi-om 
ihe foperior Plane of the hamna^:^ The 
Enchantment ceafes» and thç .Filings . /a^ 
^wn, . , . . , . . . . . ;., ^ u : . 
-ifr}/?., Whçn H iç V> P^ÇCf withm-îthe .Voiv- 
tex, ^i; ]^À ^ot in. a .pofw^ul P^rt of :tl]^ 
Vortfx oC .4)e^ |iOad(h»e, ,the ex(erhai Aïr îs 
no Ipneer fufficlen^'to fupport it. ^ 
. Mm^\ \fili, *u^ ^^y -a^de; ù^ hçminq pf Cop- 
j»li jui^^pr^nt to theXçafiftone^ a fewing 
^pe^le.t tnere^ it is fuj^nd^ by the Point : 
What has made it of a fudden, fo ienfible? 
• Afifi^ That which- carries the Filings of 
Iron, Sjeel , and Loadftone itfelf toward the 
LoadftcHiei and holdsr them attached to it, fui^ 
pends die Needle upon the Loadflone, and 
keq)s it fufpended. The Air thruHs it to- 
war4 the Xioadftone, by repelling the magne- 
tic Matter towards ic There is nothbg to 
binder itSr;b6ii]g attached to the Loadftone^ be- 
«aufei â|çre is po more Air, or much lefs Air 
.J Pc2 * between» 
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between it and the Loadftohe; t:He Equiliiri" 
tm being taken away, it only follows the Im- 
preffion of the greater Force in its being at- 
tached by the Point. 

Eud. Let us turn the Loadftonc round the 
Needle of a Compals, placed horizontally up- 
on an Axis, after fuch a Manner that it may 
turn round. The Needle goes round with 
the fame Velocity. Would you not fey that it 
was afraid of lofiing the Pole which attraâ:- 
cd it? 

jinyi. One. of its Extremities being conti- 
nually drove by the* expelled Air, \^ich how- 
' ever returns tipon if, while k is not equally 
repelled by. the fine Matter which is alone, or 
"lalmoft alone, between it and the Loadftone, 
it muft yield, and endeavour to wait on the 
Loadftone which flies away, by turning round 
upon its Axis. 

Eud. If I make the Stone go round à con- 
trary Way with the feme Rapidity, the Nee- 
dle returns and follows the Stone with the 
feme Velocity. ' 

jinyi. The Needle, in returning, only fol- 
lows the feme Principle. 

Eud Let us put the Loadftone and Needle 
into Waten The Needle goes in Queft of 
the Loadftone, notwithftanding the Obftacle of 
the Water which it muft cut every Moment, 
in order to come at it: The Reafon is, becaufe 
there is certainly Air in the Water, as we fliall 
fee, and confequently a fubtile Matter which 
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expels it, and difturbs the Equilibrium of op- 
pofite Forces, as without. The Air being ex- 
pelled , but viâorious in its Return, forces the 
Needle to retire toward the Loadftone. The 
Needle would difcover the feme Forwardnefs 
to unite itfelf to the Loadftone, and the fame 
Reftlefnefs in an Air- Pump, out of which one 
had pumped the Air, becaufe fome Air ftiil 
remains, at leaft afubtileAir. 

Shall we, Arijlus , make a Whirligig go 
round, whofb Axis is of Steel ? It is permitted 
to Philofophers themfëlves to toy, when the 
Buiineis is only to unravel Truth. I prefent 
the Plane of the Head of the Armour to the 
luperior Extremity of the Axis. The Axis 
lays hold of the Plane, and is attached to it ; 
and the Whirligig being fupported merely by 
an inviftble Force, turns round but the 
fwifter. 

Arijl. The Whirligig rifes like the Needle; 
the fame Force produces two ûmilar EiFeâs. 
But why does the Whirligig continue tç tura 
round ? Becaufb its perpendicular Diredtion is 
not oppofed to the circular Motion, which \t 
had before the Loadftone bo]:e it up. If it 
mrns round with a greater Celerity, that is be- 
caufe the Plane, which it touches^ is more 
poliftied. 

. Eud. Let us forbear tpying, and take again 
two Loadftones, the one ftronger and the other 
weaker. I apply them both to a Piece of 
Iron by the two oppofite Sides. With the 
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weaker I fnatch away the Iron from the ftrong* 
cr, which however does not always ha{)|>en. 
But how can the weaker prevail over the 
ftronger ? 

jirtfi. When the Faâ: happens, it is proba- 
bly becaufe the ftronger does not touch the 
Iron fo exaétly as the weaker, that confequent- 
ly there remains fome Air between the fti:ong«r 
cr and the Iron, and the Effort of the^mternal 
Air, for* fcparatirig the Iron frbm the^ Load- 
ftone, exceeds the "Excéfs of ^^eàknefi vt^icK 
is found in the weaker. Thé Wcakéi- feSeond-^ 
cd by the Air, which rehiains between the 
ftronger and thé Iton, prevails fo ipuch the 
more effedtually, becaufe /being within the 
Vortex of thé ftronger^ it participates of the 
Fbrce of the ftronger, whdTe Vortest unites it 
firmly to the Iron. In fliort,^ withdraw the 
weaker from th.is Vorte^ç, . and it will guicWy^ 
let the Ironfall.'^ ^ ■ • ' •' 

Et/d: One;Éxfe'érimejtt tooYe^^^ v^e WHl 

finifh thrs' GbnvCT&tion. ■ ' • - - ^ : - 

Fig. i&/ïrûfpèhd alightfed^^^ 
under aii oblique Plane f;^^thin,feovcrf^ 
which -can tum'rtimdtiponr a pôlîffieâ 'îAmS' 
fcj.' I .hang a LWftôîfe-iii)oH ^^tfie'^dftei^ 
Side^i/;, over tfhe -Water 'f^j9;-^^t^ 
Fl.arnc, and Loadftone turn rburid, ifSH tlië.' 
Ebadftone is aguate^i * 'Smiâlî eh^'âifeiled Fi- 
bres beihç (g) bored through Mth an IrMr' 
Wire; follows it .%fmo^^^ ;; 
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jlriji. The Flame makes the oblique Plane 
turn round , after the fame Manner as the 
Wind makes the Sails of a Windmill to go 
round. The Plane, which turn's rourid^ car- 
ries along with it both the Flame v^h!:ch con- 
tinues to make iti aun:; lUuffiii: aiôd tliie M- 
pended Lo^dftone, The Lo^dAoïi^î which 
goes rourid-r k^ Its Bireftioh Fowàrîl -thfc 
Polp^, , The- magQçti» Matter. iWtei.iVîà ^- 

4ct t^.Tfia0Ffi;it< .HerwM the iQqHiçïi4(ïè;éf the 
iwtdftoq^t ,^'^;É^r.^:bejIïg.«îB;li94^a^.J»- 
i^éentbe Lostij^g^ ?ï£â^?^iei^s'<»£' Bnel, 
drives the Fjguncp ; tswâf4: .-r^ .^Jîjftlââloi». 
Henc^, jthcjr, appju-ent Se«iih^Etr)4.-j©?!^«yaiv 
warçtaçis ijo foUow it Cwjicming. , .- g-;:;;;. ,' .. 
. Ev4,, Hitherto, Arijiu$i ve have fflenc the 
wonderful ESêÔs of DircâÛM», Afti; Atô-àfti- 
on; this Evening we wilt pb^V^ tlùfe of 
&inuQunica$iQilj J^cUopii^f^j,. «^i .Dedin»* 
fion. ,"•:„;. ■.: = . , ■ . 

M i.M -..' "i .i >-■'.■■' =..: -J ;■..■ 


P4. Çmm^ 


r 

ii6 Conversation XVI. 


I , t 


1 



Conversation XVI. 

Upon the Communie at ton ^ Inclination^ 
tmd Declination of the Loadjione. 

End. T Rub a Knife, according to its Length, 
jj[ from the Handle to the Point, by 
condoling it from one Pole of the Loadftone 
to the other. The Knife, which I have rub- 
bed, lifts up Iron Nails, Keys and Needles : 
The magnetic Virtue has pafled into the 
Knife, "without ccafing^ to be in the Loadftone. 
Let us prefent to thé Loadftone a Needle pla- 
ced «pon the Axis of the Needle of a Com- 
pafs. The Needle has already its Poles turned 
toward the Poles of the World. I prefent a 
Pole of the Loadftone to the Point of a iewing 
Needle's it is there fufpended perpendicularly 
by the Point. The other Extremity of this 
Needle draws to it a fécond by the Point, the 
fécond a third, the third a. fourth, the fourth 
a fifth, the fifth a fixth^ &c. 

Artji. The magnetic Matter, which had 
made itiblf in the Iron, while it was with the 
Loadftone in the Mine, Pores much like thofe 
of the Loadftone , improves them by paffing 
impetuoufly from the Loadftone into the Iron 

or 
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or Steel, gives thefe Pores the Configuration 
which it retains in coming out of the Stpne^ 
confequently difpofes them to receive it prc- 
cifely on one Side, and to let it pafs out prc- 
cifely by another, gives its Direâion to the 
magnetic Matter wherevrith the Iron is pene* 
trated, and by that Means makes two Poles : 
This is Comimunication , and thus the Iron 
and Steel, Needle and ICnife .become at once 
new Loadftones. 

'End. The Needle, Knife, and Rods of Iron 
or Steel affume the magnetic Virtue according 
to their Length ; th^ Ends befcome Poles. 
Does die Loadftohc touch one Extremity? 
The other is endued with a magnetic Virtue. ' 

Artft. The Reafon is, becaulfc the -magne- 
tic Matter, finding therein more folid Pores, 
Pipes, and Paflkges more proportioned to its' 
Configuration, and lefs interrupted, wherein it 
mufl: communicate lefs Motion than in the 
Air, whofe Parts are more ramofe, it flows in' 
them more eafily than in the Air itfelf. Hence > 
the Rods of Iron w Steel being put into a Si- 
tuation parallel to the Meridian, the Fire- 
tongs themfçlves become magnetic accord-' 
ing to their Length, in receiving the Fluid 
which iffiies out of the Bofoni of the Earth. 

Rud. A Knife, that Aides Crofs-ways upon 
the Pole that endued it with a magnetic Vir- 
tue, lofes fometimes its Virtue all at once. 

Ariji. The Matter, which finds the Parts 
of the Iron and Steel more flexible than thoie' 

of 
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of the Loadftone, enters impe(uouily mco the 
Iron and St^el tjbrough^ thç Pple prepared for 
letting itpafsouyt; raifes ^p^ai;l|hç^. Particles 
Crofs-ways, . thp fmall Haira whicK at firft it 
bad ipade to ^clipe Xo one ^ide; changes the 
liril CQnfiguFatiop , of the I^ores^ and by that 
Means ihujcs^i^ ^e.Pafiagç againfi itfdf. 

, Bud. By .tl^e ^ame Princ^,. thç: Jsfpedle of 
a Çpmpafs lo&s ;its Virtue^ when it is ;too 
long retained in a Situation parallel to the 
Meridian, but contrary to the Courfe of the 
magnetic Matter. You need but hdd the 
North-Pole of the Load-/l:oixe applied to tlj&â 
Korth-rPolç of a. magnetic Needle, a^d i^ be*' 
jcomes Magnetic xhip contrary W^y. : 

Arift. The Reafan is, |}ecauf& the niagnetic 
Matter finds the J^articles of the. Needle fufHci^ 
çotly pliable aod fiodble for receiving at once 
« contrary Arrangement and Configuration. 
. End. Sometimes in thisChange the magne- 
tic Virtue is only augmented. 

Arift. That is, becauie the Particles of Steel 
being turned an oppofite W^y, thereby become 
only more flexible , and fitter for yielding to 
the Current of thç Fluids. 

Eud.: Would you , imagine di^t Thunder 
(Could give a new Direâioq to the miagnedc 
Needle , as vtreil as the Loadi^one ?^ , Bvic one 
Pay all the Needles oî ^n.E^UJbYt&Si^ i|pcM% 
which the Thunder fell, imiOBdiapclv tqok % 
ne\v Direftion> and fo cqnlfeint, tnat jt^ey 
cQyl4 sot change it. . tfee Pifoç çf tW Y^ 
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(A rcfumed the ikme Couriie he had made, 
without knowing it, till tiie Pilot of another 
Veâèl made him ob&rve in the Direâion of 
Ibis Needleis the new Phenomenon of the 
Thunder ^ 

I Ariji. Probabty the magnetic Matter being 
forced by the Violence of the Thunder to flow 
bade impetuoufly through the fame fmall Paf^ 
iages of the Needles» made the fmall Parts of 
diofe Du6is to take q>pû0itp Configurations 
and Diréâions* 

' This Phenomenon, Eudoxuf, brings into my 
Mind the Oblation which the whole World 
is under to the P^tuguefey who purpofing to 
difcover the Indies^ found out, or improved at 
kaAj a Thing more to be efteemed than the 
' iLiches thcmfehres of the Inées^ tha( is the 
£}ompâfs<^. '. This Invention is fo glorious to 
Àofe who we^e the Authors of It, that in £bme 
Meafure we owe to them {he greateft Part of 
the Diicoveries which have bf^rn made in dif<- 
lerent Parts pf the World» 

Eud. They pretend that thé Chinefe had the 
Ufe of the Compafs, long Time before^. 
Hoveever that be; Will you believe it, Art-- 
Jim? According to the Experi/nents of M, de 
Reamur \ Irort g^ves a magnetic Virtue to Iron, 
without fouchinst the Loadftdne* and alfo to 

Hift. des Ind^s. Journ, des Sçav. 1666. p. 1 18. * l,e Perc 

le Comte, dernicrc Lett, du Tom. I. ^ Mem. dc TAcad. 

1723. p. Ï1. 

itfclf 


220 Conversation XVI. 

r 

îtfelf when it is broken. Being placed verti- 
cally it becomes magnetic, not only after a 
confiderable Time, as Shovels and Pincers ; or 
after many Years, as the famous CrofTes of the 
Bells of Aix and Chartres-, but in a Moment. 
Almoft all the Tools, Which cut or pierce Iron 
in a cold State, as ScifTars, Bodkins, and Gra- 
vers, are immediately endued with àiagnetic 
Virtue ; fince whenever they have cut or bored 
Iron, they begin to be charged with Filings of 
Iron«: When you break Iron by having bent 
and twiftcd ît different Times in the fame 
Part, you will find it become magnetic in the 
breaking ; the two Ends where it is broken, 
attract Filing^ of Iron or Steel i 

Laftly, a Bar of Iron placed vertically ac- 
quires two Poles in an Inftant, The lower 
End attra£ts the Point of the Needle which or- 
dinarily faces the South ; and towards the up- 
per End there is a Pole which attraâs the 
North Point. The two Poles change, when- 
ever the Bar happens to be in ah oppofite Situ- 
ation. 

jirijl. It i% very probable that the Iron is 
penetrated with a magnetic Matter, imprifon- 
éd, as it were, and that there are in the Iron 
feveral fmall Vortexes of this Matter, weak 
and irregular, which give little Strength to the 
Iron, becaufe they do not concur to the fame 
Effeâ. It is in Mines of Iron that the Lioad- 

* Alem. de TAcad. 1723. p. 82, 83. * P- 92, 93. 
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ilone acquires its. Force;, atid Bodies, which 
have the Virtue of Attradtipn, attr^aft more 
.Filings whea they are placed upçn fome other 
Iron. If you remove frpin, an AnviJ magne- 
tick Iron, which has charged itfelf thereon 
with Filings, injmcdiately it Ipfes its Force, 
ttnd lets fall what it boref. . Probably becaujÇb 
the. Iron has ks . Atn^ofphçre, vvhich augments 
its Vortex. The greater the Vortex is, thç 
grieater is the attractive Virtue. . Av^rcakLcad- 
Sone increa&s in Force in the Vortex of a 
ftronger oneK . 

This being granted; .1. When a Tool oîF 
Iron or $teel cuts or bores Iron, the Matter 
expelled from the disordered or contraâed 
Pores of the Iron, is darted out into the Tpo|> 
whoië Parts being harder, and more feparate4 
by the Effort of the Operation, preifent more 
free Pores or Paflages to the magnetic Matter 5 
and it gives the Matter which it encounters 
therein its Direâion from one £nd to the o- 
then Hence thp Tool has its two Poles;, and 
ic becomes Magnetic. 

2. When one breaks Iron ff^er having bene 
it, the internal magnetic Matter being violent- 
ly . agitated by the : Torture, finds PafTages in 
ihe two Ends of the Fradlure , is united vfL 
them, runs, od; ï»nd being repelled by the Air, 
returns ab^rnately virith çl\e Filings of Iron. 

♦ . -• ». 

f Mem, de TAcad. 1723. p. 29. ^ P. 90! 

Thus 
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Thus Iron becoiaeG nu^netic without the Helf^ 
ef the LoadftoDb. ., . . 

3. Finally, when one pUoes a fiar or Rod 
<^ Iron verticaiijr, the ncK^^nedc Matter prcba^ 
h\y runs along thnx^ the iron while it iâuîBB 
out of die Earth wim bnpetuoiitjir, and by the 
Violence of its Aâicm it makes two Poles, . the 
one in the lowisr End» and the other in or 
towards die upper Eftd. • - • 

Eud. The attràétive Virtue of a Tool; wfaid^ 
cues or bores Iren^^ is augmented ^ uader the 
repeated Blows of the Hammer. . T: 

Jtrifi. Under eadi Blo^fOnw new Matter 
being forced to penetrate the> Tool^ enlax^ 
the open Pafiages^ and opens > itifetf new oqesi; 
and a more abundant Circiilatioii incrèafes ^the 
anraéling Power. * ; I 

Btid. After a certain Number ofuperatiofii 
and EfRntSy it isaugmented no mwe.^ I ri .1 

Arijf'^ The magnetic MâtftfîfittJiag-àtlaft 
a fûfficient Number of Pftiiages in the Steel» it 
moreeafily foUows^the firft, tl^nitopensix^w 
ones for itfelf ; and as the Vortex- does notxini- 
creafb any more,- dieiForce is 4)0t ailgbléattâé , 

Eud. Sonietimes theOKowsu>f ihe iSaimqcr 
txiake Iron lofe-the Virtue cf Atxtkaiask fQffthi- 
with. : . : ; 

^tyij That is, becauie they iminediately 
ftraiten or fhut up the PaÛages of dk magne- 
tic Matter. 

Eud,- 
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VmuL Iron, which retabs its Force, hfcai^ 
more Weight near a great Maft o£ Iron, thaa 
when it is nçar a Bar. ' 

Arifi: The creat Mafs, having a greater At- 
mofphere, yields inorc magnerie Matter, an* 
confequently mpre Force. 

Bud. An;Iron-Wre, about theThicknef* 
t)f one's Finger, and rendered magnetic by 
hreaking, acquires io much the more Force, 
the greater Number^jof Places it is bent and 
twifted in*. ' ' . 

u?fr/^. ^ore ^Pa^gçs : are opened for the 
teagnetiè Matter. :/ ' . 

■ Eud. Too many Infleâîons make the'Iron^ 
Wire lofe its Force. x ' 

. Arifi. Too many Tnfleaions expel the mag- 
netic Matter,, or at Içaft ftop its PafTages. 

l^ud. An Iron-^Wire^ ih-ucfe Ivîth the Blow? 
of an Hammer,» ^oes Tlotbicptnl; Magnetic. 

Arifi\ Thfe /^r2 iSSnl!^^ ^narrow .âi^ almoft 
equatty •cd^jn^Bcd^ip: tfiofe 'Pans'whefe it has. 
receiVeff^ie Blo^, has .no longer . any conve- 
nient Plaôe lefir^x iBr t^^^^ Matter^ 
whereïîi'^it'îAdy'^Bèf Jodged, or through which 

k ma5^*pàfs.;^;'<.^/7' 
£2/^. Bôjr'â large Bar becomes magnetic 

under the ^flWûer, if bne'ftcike 'it ^ith 

the friiafleft* ts^\ ot the Hammer only ia 

the Middle; ^r' near t)nè of thé Edges of the 

Bar. ' \'' ^7 '. •• • ^ -^ - 

, ' .ft' » 

• -^ 

î'Mcm. deTAcad. 1721. p. 94, 
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uiriji. Iii'this Cafe the expelled Matter ftill 
finds a IxKiging.in the Iron,, and a Place which 
affords it a free Pafïage. 

• Eud. But why do thofc Tools become mag- 
^netic which cut Iron while cold, and not thofe 
'which cut it while hot? 

^iji. As the Fire dilates the Pores of red- 
Thot. Iron, the Point or Edge of the Tool does 
not ftraiten the magnetic Matter, nor Force it 
Vo pals into the Tool. 

Eud. But finally the Tool, which cuts or 
bores red-hot Iron, lofes its attractive Virtue. 

Àri/i. That is probably becaufe in the Aaw 
on the magnetic Matter paflbs with more Faci- 
lity into the hot Iron, and quits the Steel; or 
becaufe the Heat diforders the Parts, and ftops 
up many Paffages of the Steel. , 

Eud. From thfife furprizing Eflfeas of Com- 
ifnunication let us pafs, Arijius^ to Inclination. 
Inclination is a Situation wherein one of the 
Poles of the Loadftone, or elfe of a Body 
touched with the Loadftone, inclines more 
than the other toward tl^e Earth. This Pro- 
feerty will be better manifefted in a magnetic 
Needle, than in the Loadftone itfelf. There- 
fore let us place horizontally, upon two fmall 
Props, a I^eedlç , bored through the Middle, 
at right Angles, by a fmall Brafs Wire, which 
ferves to fupport it. The Needle is moveable, 
and in equilibrium; I make the Loadftone 
pafs over it, from one End to the other, from 
North to South; the End which faces the 

North> 
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l^orth, or the meridional Pole of the Needlei 
far from pointing to the polai: Star, falls and 
defcends. The magnetic Needle, which guidés 
our Veflelsj là differently iricUned in different 
Countries. 

Arijl, The miagnétîc Matter enters or comes 
but more eafily, more fvviftly, and more ab- 
undantly through the Poles of the Loadftohé> 
than through its Equator, lihce there is a great- 
er Force in its Poles. 1 fay the fame likéwife 
of the Poles of the Earth ; in (hort, thé niag- 
hetic Matter circulates from one Pole of thé 
Earth to the other. This being g;rahtèd , whefi 
the Loadftone has pafTe^ over an horizontal 
Needle in Northern Countries, the Mattei: 
which ifluès out of the North Pole bf thé 
Earth, fîows abundiantly into the SouthPole 
bf the Needlfe. Now if the Matter pafe inoré 
feafily from the South Pole of the Nei?dlé into 
the North Pole of the Earth, br in greater Ab- 
undance' from the North Pole of thé Ëàrth 
into the South Pole of the Needle, its South 
Pole ought to incline to thé Horizon. Thé 
Matter which paifes more eafily from this Pole 
into the Earth, takes a Diredibn toward the 
Earth in its iffuing bbt, and gives it to this 
Pole by ftriking it, and driving out mpre Aii: 
from betvs^eeh the Earth àiid it: The Matter 
Vrhich paflfes inore abundantly from thé Earth 
îhto the fame Pole in circulating, produces thé 
fame EfFeft in its Entrance, it being reflected 
by the fupcrior A in 
Vol. t Q^ JËud-. 
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Eud. In a Word, if I place the North Pole 
of this Loadftone uhder the South Pok of the 
Needle , it is inclined to the Horizon. If I 
place the South Pole of the Loadftone under 
the North Pole of the Needle, it alfb is inclined 
in its Turn. Hence when our VejQfels come 
from North to South, or from South to North, 
the Needle of the Compafs is ufually parallel 
enough to the Horizon under the Equator. 
But in Proportion as one advances from the 
Equator toward the North, the South Pok of 
the Needle is inclined j and in Proportion as 
one advances from the Equator toward the o- 
ther Pole of the EarÛi, the North Pok of the 
Needle is inclined: A Situation conformable 
to that of the magnetic Matter, which deicends 
or afcends obliquely toward the Poles, and is 
parallel to the Horizon under the Equator, as 
the Matter which makes the Vortex of the 
Loadftone, and which defcribes its Way and 
Direâion upon the Filings of Steel. Eut fi- 
nally what is the Declination of the Load- 
ftone? 

j4rifi. It is a Motion which makes its Poles 
diverge from North and South toward Eaft or 
Weft. 

Eu J. In the Beginning of the laft Age, the 
Decknfion at Paris was from fix to eight De- 
grees from North to Eaft; iii 1640 about three 
Degrees*^; In 1650 betwixt five and fix De- 

^ Journ des 'Sçav/ 1 68 1, p. 19. 

grees; 
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grecs Î îp 1666 Pfrh WAS wîthwç .any Deckn- 
fion K In 1 68 1, the Declenfion it Pf^rif Wjas 
two Pçgrses.^nd 50 Mmutqs fronj Korth to 
WeA®. Jo i 6^4, tour Dçprees loV In 1687 ^^ 
w;i5 fcai-cely one Decree '^. Thp 1 1^^ of Oifober ' 
J7.17, it was 11^ Diçgreçfi .4.^. Mifl^tiçs. Ji;e 
it^^DÎ July ijzB, ÎF. was Jl Dçgrççs .56 Mi 
npte?. ^jrpna the 16 ^ oiQdtober 17^0, tp th 
3^ of Jmfiary 1725* 13 P^grpfsJ TJ^e 
Variations ^re Qbîbryed (tow^fd ^hp Wefl ami 
and ki Û^é Ea/i-fydief^ ^Lshere^ îSçn^ftrJi^- 
çes ^jî ^y^ithout Declinatipo, The Variât î^ys 
^re dîflferCTt in djfiçr^nt ^places. \VTjjencc Oj^ 
, this aftoni^ing Pjjçnpo^çpon proceefl ? 

^r^^ ït naaj^ proceed from the Chaogps 
which happen \n the Egrth* New Minçs of 
Iron^ old Mi(ie$ exhsiufted, Mines differpntly 
fituaitçd, the Conf^urwion of the jRoccs |?Qing 
çbîuogcd toward tb(e Surface of the :EvÂ/; % 
tibe Aftion of fubtcrr^nepus Waters or Fires, 
all Aïs î»ay vary the Courfcs of thic ■ n>agi?fi^c 
Matter ; and the Variety of thofe Coprf^, their 
diflferent Pireâtîon, ought naturally to caufe a 
DiCerençe in the Pireâipn of the ms^çi^c 
Needle. Should there eorae .more jtpagAeiiic 
Matter, or with morç Force from cmf Side, 
the Needle would be carried that Way. Ï?»p- 
iênt to it twp^Loadftones, one «f .which is 

t * 

' Hift.de TAcad. 1712. p, 20. Joum. des Sçav. i68i, p. 19. 
« Journ. des Sçav. 1 681. p. 19. » Joum. des Sçav. 1687. 

p. 93. • Mem. de TAcad. 1724. p. 8. 1725. p. 5. 

P Wâ. deTAcad. 1685. p. 248. 
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ftronger; and you may fee it decline toward 
the.ftrongér. 

A. Spanijh Author, who was returning from 
Peru into' Spain,, having gone down into an 
excellent Mine of Lo'adftone, cômpofed of two 
principal Veins which croflTed one another, and 
one of which was eij^tended from South to 
North; and the other ' from Eaft to Weft, he 
difcovered in thîô Mine a Line, which went 
from South to North, and was two Fingers 

• broad, whefe the Needles fixed on the North 
Point. After that he placed them to the 
Weftward of the Line; arid they" declined from 
North to Eaft. At kft he placed them to the 
Eaftward of the fame Line, and he fàw them 
decline from North to Weft. 

The fame Author tells us of different Mines, 
which caufei divers Variations. According to his 
Obfervations the greatéft Part of thofe Mines 

• ÎS upon Coafts or in Iflands j and confequently 
within Reach of afting upon the Needles of 
Veffels, which are not too far diftant from 
ihein. If the Veffels are too far diftant from 
them, there is no Caufe of Variation, and the 
Needles fix toward the North ^. 

• ^ According td the Obfervations of Father 
Noel\ who travelled four Times to China. 

" I. At the Cape of Good-Hope the Declinati- 
on of the Loadftone in 1667, was fevcnDc- 

.i| Dom. Francifcx), Jouru* des Sçav. 1704- p. 364, 5,6. 
f Joum. dc Trévoux 1712. p. 700. 
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grces 15 Minutes towarjl the Weft; in 1702, 
12 Degrees 50 Minutes. . In 1706, 13' De- 
grees 40 Minutes. In 1708, 14 Degrees. 

2. The Variation of the Loadftone is diffe- 
rent in different Places, and pafles fucceffively 
from Wefl- to Eaft, and from Eaft to Weft. 
The Declçnfîon toward the Weft decreafes 
continually from Lijbt>h to the Height of the 
Iflandof jR?r'; whence the Declenfiori pafles to 
the Eaft, $nd increafes to about 360 Leagues 
from the Cape of G<(o4'Hope. There it returns 
to the Wefi ^ far as the Height of Madagaf- 
car 5 after that to the Eaft, as far as the nar- 
row Pafs of the Sounds and at laft tQ the 
Weft, pafling^ from this. Straight to Cet Ian znd 
Goa. Under the Meridian of the moft fouthet- 
ly Cape of Madagafcar^ making a Tour to- 
ward the : South - Pole, ^ the Cbmpafs declines 
more and more toward the Weft, 20 Degrees 
at the Latitude of 30 Degrees 40 Minutes, and 
^6 Degrees at the Latitude of 3(5 Degfees. 

Thefe Variations do hot agree with the Me- 
ridians ; ^nd ho:^y can they be adjufted with 
the great Circle of magnetic Matter, in which 
the Mines of Jronapd Loadftone, being fprcad 
abroad in feVerai Parts, caufe no .Irregqla- 
ntiejr < . . . 

Eu4. The Meflieurs Aê la Hire have indeed 
rçprefented the Globe of the Earth by a Load- 
ftone formed ' round, of ?ûo Pounds, and aU 
moft a Foot and an half in Diameter, "having 
an Equator and Meridians defcribed upon its 

Qj Sur- 
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Surface. Thé Néédïé ôf â Côtttpâfs, pkced 
fucceflîyely npqn .thofé different .Meridians, 
had fomctîmes à Déciénfion toWàrd thç; Wéft^ 
fometimés toward the EàA, ând îbr&etîmes it 
had none at all K 

Tfhefc Variations jproceed probably fi-otn di- 
vers Mixtures irregularly diiïufed îtt tfife Stotiè. 
Now^ is ftot tha Earth and Lôàdftônfe Ml more 
fixed? 

ïn the mcaâ Time Dr. ïïàUêfà Dîfcovery 
Gohcernîng thé Declination ôf the Lôâ'dftôné dè- 
ferves our Attention. Thiè leâîiiéd Englijh- 
man found in à Voyagé, which hè ftiade lô 
the èouth Countri^ ih Î7Ô0, îh ôïder to 
feareh put the Truth there, four <ii#rènï Pla- 
cés în which the magnetic Neédîe did not dé- 
clina. ; . ' 

ï, At 184 Degrees of Weft Lsngitudè, 
fécfcônihg thé Loiigmidés pf the Méf idîah from 
tuondoriy at two Decrees of North Lâlîfûdfe. 

2. At four tJegrees of Weft Longilu^fe^ àt 
374 of South Latitudç. , ; 

3. At io Degrees of Weft Longitude j at 
i6| of South Latitude. 

4. At 64 Degrees of Weft Longitude"} at 
3 i4 t)f North Latitudfe. " 

' Whep he .had thefe four Points, be concei- 
ved an tdea of a crooked Line, pretty irregu- 
lar, defcribing round the terreftnil Gflbbe> ha- 
ng on ohe of its SiiJes the Places vrfierç thé 

• éîft.tfc TAcad. 17Ô5. p. â. 

Pcclen- 
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Dcclenfion would bç eafterly, and upon the 
other thofe where the* Declenfion would be 
wefterly. He had the Pleafure of feeing that 
alt his Obfervations, during his Voyage, agreed 
with fo lucky a Thought; and he defcribed 
this curvjB Line upon a Map. 

M. Marchais in a Voyage 'to Guinea and A- 
merica^ M. Houfaye in an Eaji-India Voyage, 
and M de May in a China Voyage, found the 
Declçnfions of the Needle little diiferixig from 
Doâor îlallefs Chart. The fuppofed Line is 
moveable» iand appears to advance always to- 
ward tîïç Weft in Regard of us. A French 
Veflbl which went to China in 17 ip^ throug]hi 
the South Sea, found another Line without 
any Declenfion, which crofles the South Sea 
from North to South, much like a Meridian. 
Formerly there was no Declenfion of Needles 
obferved at the C^r. 

Art/i. Dodtor Hallefs Notion appears to me 
very remarkable ; but I think there are ft ill 
wanting lèverai Experiments for illuftrating 
and confirming it. 

S»ud. There is fo much the more Need of 
them, becaufe in the fame Place the Declinati- 
on is not equally varied in equal Spaces of 
Time. If one perceive any Speciejs of Progref- 
fion^ it is ftill very imperfeâ s and the Caufes 
of die Declenfion which you have mentioned» 
wiU ftill probably prevail for fome Time. 

We fliall fay nothing of the Capfes which 
deftroy the magnetic Virtue. It is evident that 

Q^ what- 
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whatever may ftop tbç Porcs of the Loadftone^^ 
as Ruft and Air itfelf , or piay change their 
Configuration, a$ Fire, m^iy destroy it But 
before we conclyde our Converfation, you muft 
tell me why the ^re^teft f^art of precious 
Çtpnes, Glafe, Gum, Sparfijh Wax, Amber and 
Jet being rubbed, attract Chaff and other light 
Things, in fome Sprt imitating the. AttraâioA 
of the Loadftone. . 

Ariji. A violçnt Agitation, a fori of He^t 
caufed by rubbing in the fybtile or fine Mat- 
ter, which penetrates the precious Stones, the 
Glafs; îSc. makes a kind of Vortex iffue out of 
them, as out of the Loadftone, of Matter 
which p^fles more e^fily through Motes than 
Air, and wliofe Celerity at nrft çomprefles and 
expels the Air^ but in a fhort Time the com- 
prefled and expelled Air is dilated ?nd beconies 
yiâorious, drives the Chaff and Motes it ipeets 
■„with towards the precious Stones, ^c. and apr 
plies them to the fame fo nfiuch the more ef- 
feAually, as the Matter which darted from 
thofe Bodies after rubbing, has communicated 
and loft the Force which it had acquired in 
the rubbing itfelf; and this is the Attraâion 
of precious Stones, Glals, Gym, 5^^^ Wax, 
Amber, Jet, ^c. 

Eud^ Here are many philofophical Myfte- 
ries happily 'enough explained, Arijlus\ an4 
thefe Illuftrations will give fome Light into 
what we (hall fay hefeafcer upon Gravity, an<^ 
other Matters/ " -^ - :^ . * • 

^7i 
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4^iji, Gravity is. a thorny Subjeâ:, but cu^ 

ripus; and I Içpow an excellent Source, whence 

i could draw fome Light, even before I hev 

yoi». I {hall return to your Clofet, as foon as 

" poffible -, fcarcely am I gone out of it, but the 

. Relifh of Truth calls ipe b^ck a^ain. 



Conversation XVIL 
Upon Gravity. 

End' T Am mîftîikçn, Arifhts^ or you «re A- 
X ^^sfied with your Knowledge concern* 
ing Gravity. The Pleafurc which Philoib- 
phers find in Truth, appears in your Counte- 
tenance. It is not a chimerical Pleafure, but 
philofpphical, modeft and pure, which is &lc 
and appears outwardly without any Alteration, 
either in the Body or Mind. I am impatient 
to fhare th^s Pleafure with you. Therefore 
tell me in the firft Place what is Gravity. 

Arifi. Thé Gravity * of Bodies is the Eâbrt 
ysrh^ch they make to tend toward a commoh 

Center 

* T}}£ Grai'ity or JVéigbt ofBiHÎies is an accelerating Tortii 
and' this Gravity or Weight at the Surface^ or at equal Difi antes 
from the Center of the Earthy is direffly proforHonal to the 
^entities of Matter contained in fuch Bodies, That Bodies 

prdf 
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Center; as. JLevity is their Effort to remove 
from it. For they call thofe heavy Bodies, 
which, whenever at Liberty, move towards a 
common Center as of themfeives. 

End. 


pre6 continually, or tend equally and unifbrmly to the Center of 

the JEarth, and confequendy, that this Gravity or Weight is an 

equally accelerated I^orce, is evident to Senfc, as a moft un- 

jioofcited Matter of Faft ; and it likewife farther appears from tnc 

>ma£i accurate Obfervations and Experiments. 

Firft^ That the accelerating Velocities, acquired by Bodies in 
their perpendicular Defcent, reckoning from the Beginning of 
their Motion, ane «ver as the Times in which they are acquired, 
and the Spaces described as the Squares of the Times. 

Secondlyy That abft«ifting from the Reliftance of the ^r, 
the Space defcribed by the perpendicular Defcent of a Body in 
one Second of Time, is equal to 1 6, i Engltjh Feet, and for any 
longer or fliorter Time, as the Squares of thofe Times refpc- 

* fbtrdh^ That che Reàftance of the Air being tafcen off, or 
'ailavc'd roi', the accelerating Vdocrrics of all Bodies near the 
-Eaidîîs Surface, tare'^xaMy tqpûl ti>c lighteftSodi» dpfceq^Uog 
7A fwi& as »the heavieftr ^ the leaft «as fwifta^ thegrc^tcfl; The 
dîfièrent Magnitnd^, Denfiries, and partioilar figures, Tex- 
4xBt^ and ConHitutiofis' of fioles, making -no manner of IXffc- 
fpie^-^s to their Vel^tiei of Defcent/ wJ^ch ki ^ fiecUes alike 
:^e <^ver ç^ua], m equal Times^ and prppprtional to the Squares 
*)f thofe Times. - Now fince die Momenta or Quantities <jf Motj- 
4kky in Bodies urhdfe Velodties are equ^ tace as their Qitfiidttos 
^ ^Aaxxsr^ and fioce the aocekrating Vidocities of all ipoçUcs 
dèlcending hy the fole Force of their -omi Weight, are jjke- 
wife equal » by What has been juft now obfeived s *ds «vidmt 
. tWthe aUbhite Mmtntt, orOs^ntitti» of j^tion in aUfuch 
Bodies, are likewife as thei^ Q^antitif s of Matter: But thefeM^- 
"^mentay or absolute Forces of defending Bodies, arc nothing clfe 
but dbeir abfolute Gravities, by which they prels continually, or 
tend equally and without Inteimiflion to the Center of the Earth; 
and therefore this abfblute Force of Gravity, or Weight in Bu- 
ddies, is exaélly proportional to their Quantities of Matter. 

Corol. From hence it fbUows, that there are Vacuities or emp- 
ty SpacQs in Bodies. Forfince In Confequence of this Froporti- 
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Eud. Let us fpeak here only of the Gravity 
of terreftrial Bodies. We fliall make our ^vcb 
the better underftood ; and what we fliall fey 
veill be of Ufe for comprehcn(fing the Grarity 
of all other weighty Bodies- 

Arift. The Giuvity of terreftrial Bodies is 
their EflFort toward the Center of the Earth. 

End. Do you only acknowledge one Sort x£ 
Gravity? 

Atift. I dîftînguifli two Sorts, iht one ab- 
folute, and the other relative. I call abfolute 
Gfevity, the Gravity of a Body, coniîdôred 
pt^fely as the Gravity of that Body, witb^ 
eut <:ofhparilig it with the Gravity of any u^ 
^Stittj more or Itis wdghfy. I call rebct^e 
l>àvity, the Gravity of a Body confideredwi^ 
Relation to aiiOtber more ot tefe «wrigh^ /• 

End. 'But wheAce proceedi C^vitr^ whe^ 
thër it be abibl^ie^^ or reiadv« I is the Obiife 
éxteriial to the IteaVy Bodkssf ' tHbeAntientV 
Slid, ttots the Moâeflïs attrib it» what tfainét 

m m 

• 

Oft, the WtfgKt 6f ÈcxUes îs propwtîonàl td <hiér Qoartitîes ^ 
Matter? ftnd fiâce upem the Suppofition of aat abfolute f^^ir»^ 
the Denûties of ail Bodies muil be •equal, or aix equal Qganti^ 
of Matter evenr where coirtamed in equal Spaas; *tis evident 
Aât upon this Hypothefk, the Weigl^ ^ Sddks ixaift be ^er 
px)portk)nal to their Bulk or Magnitude» and .chdk-e cduJd ben» 
xM^ierençe of fpocific Gravity in Bodies ; which being mofl no- 
toriouily contrary to Faft, mtift evidently and dcttontoativdy d- 
verthrow that H)9)OthdS3 of an ibibkitc Flenvm^ upon which it 
is founded. Mfrgan's Pbil Prive, ofMfd. p. 8. 

Arijl. 
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; jirift. A Caufe, which moves- Bodies, is^cx- 
ttrùzl to the Bodies; Bodies of thetnfelves be- 
ing only, each in particular, a Portion of Ex- 
tcnfion * indifferent to Motion or Reft, they 
have no Efficacy, no fecret Qjjality, which 
Ihould make them prefer Motion to Rçft. Now 
the Caufe of Gravity moves heavy Bodies -, for 
lirhenever they arc free , you fee them pafe 
from Reft to Motion, you fee them fj^l; 
Therefore the CavÈfe of Gravity is, external to 
weighty Bodies, .-,'-, 

Eud. This external Caufe, which we dç not 
fee, and which notvrithftaiiding in^mediately 
drives Bodies toward the Center of the Earth; 
muft it not ilill be the fuj^iki' Matter;, that 
Matter which appeared ib new to you, and 
whofeldea feemed to quickçû yoyr Imaginatif 
on in our firft Converfationa? 

jirifi. That which imniediatèly impels un- 
fible Bodies towards the Center of the Eartk 
Is an infenfiblc Body. It îs^a ;Bpdy^ fince it 
impels, ftrikes and touches heavy Bodies, This 
Body is infenfible; the Senfes do not perceive 
it. This infenfible Body is the Air, or fubtilç 
Matter: It is not the Air; we fee Bodies de- 
fend being protruded by an imperceptible 
Force, fo as no Body can fufpeâ that the Air 

Çfotrudes them. Invert into Qujckfil ver a Glafs-? 
'ube of fix and thirty Inches, like wife full 
of Quickiilver : You may fee the Quickfil ver 

• Rather of Subflance or .Matter, which is not Extenfion itfelf, 
but fubfifts in Extenfion, or extended Space. 

defcend 
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defcend at leaft eight Inches; neither is tliere 
any Àir above which can thruft it downward; 
the Air docs not penetrate a Glafs-Tube^ 
Therefore the fubtile Matter is the external 
and immediate Caufe of the Gravity of Bodies. 

End. I acknowledge it, and look upon this 
Reafoning as a phyfical Demonftration. But 
the inferior fubtile Matter, which touches» 
.thrufts, and immediately precipitates heavy Bo* 
dies, cannot give them a Direâion toward the 
Center of the Earth, without having fuch an- 
other. Whence hath it one ? This is what has 
not been demonflrated. 

Ariji. Probably it has it from the two Vor- 
texes "t* of ^^ fuperior fubtile Matter. In one 
of thofe two Vortices the fubtile Matter turns 
round about the Asçis of the Earth, and in the 
fccond, from one Pole toward the other. 

Eud. Have not thefe two Vortices a great 
Appearance of being the Work of a lucky Ima- 
gination ? 

Ariji. The firft Vortex is not imaginary j I 
prove 4t. The Moon turns round the terre- 
ftrial Axis, always fur rounded with fubtile or 
setherial Matter. JFor the Light of the Sun 
being refleûed by the Moon firikcs our Eyes. 
The Matter, in which the Moon fwims, turns 
about with it; otherwife the Moon finding 
always fome Refinance in the Liquid, which 
it muft cut through and divide, would com- 
municate and lofe its Force every Moment, and 

t Sec Notes Conversât. XV. Vol. IIL 
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at laft would ceafc to run over the Heaven, as 
it has done wkh equal Pace for the Space of 
fe Thoufand Years paft. Now the celeAial 
Matter, which contains the Moon in its Bcv- 
fom, cannot mm round with it about the Eardi, 
unleÊ the firft Vortex be real. 

The fécond Vortex is no more imagioarjr 
than the firft. A magnetic Needle, as well as 
the Loadftoneat Liberty,, has two Èxxrcmkies, 
two Poles, which feem always to fearch out 
the Poles of the Earth with fome Inquietude. 
The Needle has not this Dîreélion of itfelf, 
beii^ only a Portion of Mattel" very indiii^* 
rent of itfelf to all imaginable Direâions. It 
ihuft confequently receive it immediately from 
fome agitated Matter, which has a conftatit 
Dîrcûion from one Pole of the Earth to the 
other, as you made me obferve when you diC- 
tx)uried of the Loadftone- This Matter being 
agitated from Pole to Pole, is either the Air or 
fome finer Matter, fome fubtile Matter, foK:e 
it is an imperceptible Body. It is not the Air ; 
the Air has no confiant Direâion, but is in- 
difierendy carried toward a Thouland Parts at 
the Pleafiire of the Wmds : Therefore it is a 
liner Matter, a fubtile Matter, which circu- 
lates from Pole to Pole. And here is the fe- 
cond Vortex of fubtile Matter as real tts the firft. 

Eud. I muftindped at laft acknowledge your 

twp Vortices, which crofs one another in fiich 

^ort, that the one fcems to pafs wholly under 

the other , as to penetrate it much after the 

jfiime Manner as Water penetrates a long Pile 

of 
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of Bullets which k croflbs. But after what 
Maimer do thofe Vortices give the iubtile 'Mat- 
ter^ which immediately encompaftes w,.. dale 
Direâion which it gives us toward the Center 
of the Earth ? 

jiriji. I. The Vortex, which turns round 
about the Axis of the Earth, gives the fuhtilp 
Matter that is a little groffcr, a Diredioa 
.perpendicular to the terreftrial Axis; for ac- 
cording to the ^neral Rule of Motion, when 
ihany unequal bodies turn all round at the 
fame *]ri™c about a common Center, thofe 
which haye the greateft centrifugal Force, cp: 
which are fitteft for Motion, prevail ovcf the 
weaker, and precipitate them toward the Cenr 
ter of their Motion. 2. The Vortex which 
pafies through the Poles, and carries along an 
infinitely fine Matter from Pole to Pole, gives 
this Matter a Direâion almoft parallel to the 
Axis of thetlarth. The inferior and grolfer 
Matter, having one Dircdion perpendioulaj;, 
and another parallel, in order to obferve the 
third general Riile of Motion, takes a Middle 
■Direâion, defcribes a Diagonal which direûs 
it toward the Center of the Earth, and toward 
this common Center it thruAs all that it en^ 
counters in its Way; fo thatjgrofs Bodies, which 
formerly were carried coward the Center of 
the Earth by a fecret Sympathy, in order to 
feft quietly there, no more go or tend thither^ 
but only as they are forced by the Efficacy of 
the fin&ft Matter. 

7 Eud, 
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Eud. The fubtile Matter which furrouDdlâ 
œ, receiving two Dîredtîoas, the one petj)eh- 
dicular to the Axis of the Earth, and the o- 
dier horizontal or parallel, from the two Vor- 
tices which ctoik one another, takes a middle 
Dircftion which carries it toward the Center, 
whiter its Adtion thrufts the Bttdies which it 
encounters. Such, you lay, is the Caufe of 
Gravity. For my Part, I believe that the Ac- 
tion of the Stars, whofe Light ftrikes our 
Eyes, and the Refraftions which the fubtile 
Matter fufFers in the Atmofphefe, may contri- 
bute to that, and fécond y oUr Sentiment ; the 
Hypothefis is ingenious: but an ingenious Hy- 
pomefis is an Hypothefis in the Air, and failà 
to the Ground, if it do not explain the divers 
Effefts of Gf avity. 

In a Tube hermetically fealed, agitate and 
tnbt together pounded Glafs ^ Oil of Tartar, 
Spirit of Wine, and Oil of Peter; then let theni 
alone, and you will quickly fee thofe fbur differ- 
ent Species of Bodies difintangled from one an- 
nother, feparatcd, taoved, and placed dbovô 
one another, the Oil of Péter above the Spirit 
of Wine, the Spirit of Wine above the Oil of 
Tartar, and the Oil of Tartar above the pound- 
ed Glafs. What is it that makes this Difcern- 
ttient? Mufl it flill be the fubtile Matter? 
Would! it feek out and difintangle the Particles 
of every Species in order to unite them again, 
and place every Species exadtly in its Rank ? 


.^ • Upm ^Qnaz)ky . ^ ^4! 

-; ' Mrijl'^ iThe more SoUdity Bodies «liavè, 4he 
-fbivjÈr are their Interftices; the fewer Interfti^ 
ices they have, thts fewer free Paflages they af- 
ford to the fubtile Matter ; the fewer free Paf- 
fages they afford it, the more Blows they re- 
ceive from it;- the more Blows they "receive 
from it, the more they are impelled towards 
the Center of the Earth 5 the more ïhey are 
impelled towards the Center of the Earth, the 
more relative Weight they have; and in Pro- 
portion to fheir relative Weight, they arepfaced 
below others. 

This bçing granted, the fubtile Matter meet- 
ing with more Solidity in the pounded Gkis 
than in Oil of Tartar, more in Oil of Tar- 
tar than in «Spirit of Wine, more in Spirit of 
Wine than in Oil of Petfe, ftrikes, impels, and 
precipitates the pounded Glafs more t&^u^Wy 
than Oil of Tartar, Oil of Tartar than Spirit 
of Wine> and Spirit of Wirte than Oil of Pe- 
tre. Hence the pounded Glafs is placed at the 
Bottom, and. oyer the Giafs Oil of Tartar, Gfr. 
as the Earth, by the famé Heafon , is placed ^ 
immediately under the. Water, the Water un*n 
der the Air, and the Air under the Fire. Thus 
the fubtile Matter, making Ufe of tHe^ Moti- 
on which it has received from God', and v^hich 
he continues to it, and ftriking divers Btxiies 
more or leis, according to the different TeXture 
of their Parts, .unravels a Chaos, and compo- 
fes a kind of litde World in a Glafs-Tube. 

Vol.. I. R End. 
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End. You are going on to diicover infalli-- 
bly in your fubcile Matter» why» the Bulk be- 
ing fuppofed equal , Gold weighs more than 
Mercury or Quickfilver, Mercury more than 
Lead, Lead more than Silver, Silver more than 
Copper, Copper more than Iron, Iron more 
than Pewter, Pewter more than Marble, and 
Marble more than common Stones, &c. 

Arift. The Texture of the Parts being more 
compaâ in Gold than in Mercury, in Mercu-> 
ry than Lead, in Lead than Silver, in Silver 
than Copper , in Copper than Iron , in Iron 
than Pewter, in Pewter than Marble, in Mar- 
ble than common Stones, &c. the Gold re^ 
ceives more eôèâual Blows, more Force than 
Mercury, Mercury than Lead, &c. and ic 
communicates and lofes le& of Its Force, ha* 
ving lels Surface in Proportion to its Maik 
Hence Gold makes more Effort than Mercu* 
ry, Mercury than Lead, &c. in order to with- 
draw itielf from the Blows of the fubtile Mat^ 
ter and to reach the Center of the Eanh. Thus 
I think we have the Reafon why Gold is heav« 
îcr than Mercury, Mercury than Lead, &c. 

End. You will have the Adtion of yourim- 
perceptible Matter , and the Texture of the 
Parts unequally compaâed to make the Ine^ 
qualiryçf Gravity in Gold, Mercury, Qîc, But 
whence comes the Inequality of Velocity in 
the Fall of Bodies equally compati, but of 
unequal Bulk? 


/ 
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Jrifi. Thofc whofe Bulk is greater, have 
lefs Surface in Regard of their Mafe; having 
icfs Surface they encounter, in their Fall, few^ 
èr Parts of Air to drive away in order to reach 
the Center whither they tend 5 meeting with 
leÊ Obftruâion, chqr communicate lefs of the 
Force which they received from the fubcile 
Matter ; the leis they communicate of it, the 
lefs they loie ; the lefs they lofe of it, the more 
they retain ; the moxe Force they retain, the 
more fwiftly th^ movt. Thus you have the 
principle from which proceeds the Inequality 
of Velocity in the Fall of Bodies. 

Eud. It feems, this Inequality of Velocity 
ought to be obferved alfo in the Fall of the 
fame Bodies, in the open Fields, and under a 
Vault. 

Ariji. Not at all j the Subtlety of the. fub- 
clle Matter, makes it find in a Vault Millions of 
free Paflages in order to precipitate downward 
grofs Bodies with the ûnae ièoûble Celerity, as 
in the open Fields } and this; has nothing in te 
which ough; to furprize a Philofophcn Put a 
Plate of Copper between the Loadûone and 
CompaÊ. Make the Loadftone turn about 
rapidly upon its Center. The Needle wrns 
about with the fame fenfiUe Velocity, as if 
nothing had been put between it and the Load* 
ftone. What makes it turn round ? Is it not 
the Ââion of an infinitely fine Natter, which 
comes out of the Pores of the Loadftone, and 
paffing through thofe of the Copper, gives the 

R 2 Needle, 
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. ' • * ■ * * , ■ ' ■ . " • 

'Needle, ofitfelf indifferent and quiet,; a circu- 
iar Modpn, which makes it fearch out the 
Polea of the Loadftone, that flies from it, with 
io much Inquietude and Celerity ? 

Eud. Plauïible Reafon^ never |afl yôu'; but 
agree to it at laft , that Bodies raehed of cal- 
cined ought to weigh left than before. For 
•after having loft by the Violence of ïïeat, a 
'Quantity of folid Particles which are exhaled in 
Slnoak, they- give left hold to the Strokes of 
the • fubtile Matter. Notwithflinding , .Lead 
aridPewter being melted, and Regulus jintimonii 
being calcined , far from lofing this. Weight, 
iacquire'rhore, 

ikf. Ducks of the Academy ^f Sciences re- 
duced ih a Marble Mortar, a Pound of Regu^ 
lus Anttmonii to Powder. This Powdjer they 
expofed' to the Rays of the Sun in an earthen 
Pot, and then they fet Fire to it by Means of 
a burning Glàfs. A thick and wrhitifli Smoak 
came out of it ; and an Hour after the Powder 
was reduced into a fort of Afhes, whichi not- 
withftanding the Evaporation of a thick 
Smoak, was a tenth Part heavier than it was 
before ^ M Homberg made the fame Experi- 
ment with the fame Succefs ". Bricks alfo be- 
come more weighty in the Fire \\ 

f • . • . * ' 

te ■ • 

-■'«^ Chhnie de Lémeri, c."^. Hift.de TAcad. 1667. "Mem. 
dc.r^bd. ^es Sciences, 1705, p. 94. « èib. univ. & Hilt. 

1089., T, IX. p. 430. ,. 
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.. , Sgelj ExpeFhiients 'feetn made to taker away 
from, Aibtile Matter, light -as it is, the Gjoiy df 
caufirig ^the Gravity ofBodies. . ^ .' '. 
\^ Anft. • Such like Experiments, in whicla fub- 
tile Matter itfelf has fa great a Share, haviç 
nothing ip tiiem whicH ought to deprive it of . 
the Pofleflioa it has of the Power of fixing us^ . 
here> at leaft for fojne Timte; without which^- 
the CuriofiTty of our Minds would pi akç-ov? 
Bodies travel into the Planeiis^ before we att^i^ 
to the Knowledge of .tKe.lSarth 'îtfel|^. jtis. 
fiifficient. for this Sort ôfïlxperimeats.^.^hat a: 
great Number of heterogeneous Parts, ^gitj^ed| 
in Bodies- before melting or Calcination^ are 
evaporated and diffipatedby the Heat j^ or.dïatr 
lôfîng by,the exceflive Agitation their /Figure! 
proper for-Motion, they arc intangleid-iaone' 
another, \.and fixed by the' Inequality of. their. 
Particles, ,or by the Cold which fucceeda the' 
Hear. 'Being agitated before ..melting, or JCaW 
cination, they fupported and fuftaineithe folid 
Particles againft the Strokes pf the.fubtile Mat-. 
ter, and blunted its Potrè. Being diiCji^ted^ 
by melting or. CalcinatiQji.,t]tiey fuppoVt tHerii 
no longer. Beijig fixedthey ^.eceive ,meirpTcJ[y^^^ 
without .any!Reaâion> , thp Strokes whiclj, XfJ^^^^ 
der Bodies he^yy. i Thç*"^^t of ]V^odop/'X)r 
Fixation of the heterogençousTarts comnputps- 
more to the Weight . than _did thé * agicatçà 
Parts, which, .are , evaporated and dimpated.. 
Hence this* Èxcefs of Weight in Bodies dimi-' 
nifhed in their Mafs and Bulk. In fhorti the 

R 3 Weight 
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Weight of Orjrine, which is a fort of Colour 
for Pdntcrs, being fixed with Salt of Tartar i$ 
augmented a fifth Part; and any Body knows 
that ^ cold Water is heavier than hot Water 
which is more agitated. 

Docs not this Reafon fatisfy? One may fay 
that certain Corpufcles of Sulphur happen to 
be attached to Bodies, which increafb Iq 
Weight, while they are* melting or calcining; 
Corpufcles of the Colour of A(hcs have been 
feen attached to the Regulus Anfimonii when 
inflamed y, let it be the Air or Fire that fur- 
ttiflies fuch Sort of Corpufcles. 

Eud. You render whatever you pleafe pro- 
bable, ^nd I muft at laft go into your Senti- 
ment concerning the Caufe of Gravity. 

Arijl. I believe, EuJoxus^ it will not coft 
you much to think upon this Head as I do ; 
you know whence I have drawn what I have 
faid concerning it. 

Eu J. You imitate the Bees ; you know how 
to improve and make your own what you find 
elfewnere. 

AriJ'. Explain your felf upoti the Rules of 
Gravity ; and you will tell me Truths much 
more agreeable than all your Compliments. 

Eud. To explain my lelf upon thefè Rules, 
I fliall firft diftinguifh three Sorts of Centers ; 
the Center of Bignefs or Figure, the Center of 
Weight or Gravity, and tne Center of heavy 

1 Hift, Ac I'AcaA 1667. p. 14, 

Bodies. 
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Bodies. I call the Center of Bigncfs or Fi* 
gure, ^hat Point in heavy Bodies which is e- 
qually diftanc from all the oppofite Points of 
Oic Circumference. I call the Center of Gra- 
vity, that Point in a heavy Body which is fi- 
tuate after fuch a Manner that the oppofite 
Parts which furround it are in MquiHbrium^ 
whether rficy be equally diftant from this 
Point or ' not Hence the Centers of Bignefs 
and of Gravity are not always united in the 
fame Point ; they would not be fo in a Ball 
half Iron, and half Ivory. Finally, the Cen- 
ter of heavy Bodies is t common Point whi- 
ther thofe Bodies tend, as of themfelves i fuch 
is the Center of the Earth. 

Imagine now a ftrait Line drawn from the 
Center of Gravity, to the Center of heavy Bo- 
dies I this is called the Line of Direâion , be- 
caufe it dircâs, in fome Sort, the natural Mo- 
tion of heavy Bodies toward their common 
Center. . Is a Body removed from this Center ? 
It afcends. Does it draw near it ? It defcends. 
This is fometimes by, a plane vertical or per- 
pendicular to the Horizon, and fometimes by 
an inclined Plane. This being, granted, let us 
fee podies defcend, and we mall always find 
them faithful in d>ferving certain Rules pre- 
fcribed bv Nature. 

Rule 1. If the Center of Gravity can- 
not defcend, the heavy Body does not de- 
fceiKl. But whenever the Center of Gravity 
can deicendi the Body defcends ; becaufe the 

R 4 Parts, 
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JPartf, which are. roundliboùt the Center,' arc 
iXi j^Qi^ilibriumy joinjed and faftened in*fbme 
Sort' .with the Cenrerv . 

Rule 11. Does thiê heavy Body defocnd free- 
ly? It never leaves /the- Line of Dit-eftion; 
why? Becaufe the Caufe of Gravity, which 
gives it a perpendicular Dire^ion^ Ichflcavours 
to maintain it therein, and no Reason removes 
it from it ; the oppofite Pares, which fiirround 
the Center of Gravity, being all in Mquilibri^ 
um by the firft RiUe. 

Rule III. Is not the Dcfcent per£e(3:ly free ? 
Thç^ hejvy Body moye& as little as it can from 
the Line of Dirçâign ; ûncc the Csufe of Gra- 
vity gives it every Moment (by the fécond Rule) 
a perpendicular Direâion, which would carry 
;t toward, the Center by the Line of Direétion, 
if no Obftacle turned it afide from this Line 
and the Center. 

Rule ly. Should the Center of^Gravity not 
be in the Center df Bignefs, the.firft would 
always be loweft. when the Body defcènds; as 
if will always be highef^ when the Body a- 
fc^ndsj becaufe it being in that Cafe in the 
moft folid Parr, is ^Ifo in a Part mbft proper 
for Motion, 

Rule V. Let an heavy Body deicend freely 
or not; by a vertical Plane, or an inclined one, 
its Motion is accelerated in the Fall ; for being 
ilruck by the repeated Blows of the fubtile 
Matter, it acquires every Moment more Force 
than it lofcs. Accordingly thç Shpck is aug- 

. ' roented 


merited in Proportion' to -the- 'ïleîght from 
which a Body falls* But after 'what Manner 
is the Motion accelerated? It* follows nearM 
the arithmetical Progreffiori oî odd Numbei;si 
ïj.3, 5, 7/^^- ^o that if ih^the firftlnftarit 
it ^ run throûgh'â Space of one Fctot, in th^ 
fecond it rtiîis through about three Feet, in thè^ 
third five, &Ci according to the Obfervations 
oi'Gal^/ieuSy and Father Sek^iah. 
r Thus according to the Experiment of Fa-^ 
dîer Riccioliy a Ball gf Wood, of an Ounce 
and 131 half, falling from the Height of thirty' 
five Inches into one Scale, elevates a Weight* 
of. five Ounces p«t into the* other Scale; from* 
the Height of 140 Inches, a Weight of 20 
GiJnceS; fi*oW 'the^ Height of 315 Inches^ a! 
Weight of 45* Ounces 5 and ^from the Height; 
of 560 Inches, a Weight of fôurfcore Ounces \^ 
Therefore, ^^. '^ >' 

- In a Word, if by the Force acquired fuccef-* 
fively in thé firft Inftant the Body runs thro'' 
ewe Fpot^ it ought, retaining almoft the fame' 
Force, to run thro' about two Foot the feiond' 
Inftant ; fince almoft all the Force acquired in 
the firft ads during all the fecond. The fame 
Body ought to run through one Foot more by 
the new Force which it acquires in the fecond 
Inftant. Therefore it ought to run through 
about three Foot in the fecond Inftant, and five 
Foot in the third by the fame Principle, &c. 

^ Aflron. Ref. Journ. d® Sçav. 24. Jan. 1667. p. 17. C 

Rule 
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RuleVlé When the Motion of a Body k 
accelerated to a certain Degree, it is accele<» 
rated no more ; becauie it then withdraws and 
^hatches itfelf from the Strokes of the fubtilo 
Matter y^ith fo much Velocity, that it receives 
no more Impreffion than is neceffiiry for its. 
deicending by an uniform Motion with as 
much .Celerity as the fubtile Matter. 

Rule Vn. A Body which defcends upon an 
inclined Plane, defcends with leis Celerity than 
on a venical Plane : The vertical Plane doet 
not fuflain it. It is in Part fuftained by die 
inclined Plane, which in fome Meafure nn^ 
ders the Force of Gravity ufele6. Thus the 
Stroke of a Body, which comes upon an in^ 
dined Plane to ftrike you, hurts' you more 
lightly, and fo much the more lighdy, as die 
Plane is the more inclined. 

Ât the firft Opportunity let us enliven oor 
Philoibphy a little widi reiblving ibme Prob» 
lems, whofe Solution ought to be the Confer 
quence of what we have both iaid, in this 
Converfation. 
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Wherein feveral Problems upon Gravis 

ty are refolved. 

Eud. \ 7€ 7 £ know, chat the Earth k %he^ 
Y V ^î^^I* I^^ ^ imagine it bored 
jtfarough from one Point of its Surface to the 
oppofite Point; and let us place a Man in the 
Bofom of it. Let this Man have his Center 
of Gravity in the Center of heavy Bodies. 
Will he have Need of any Prop to fupport 
him? 

jirift. No cçrtainly, fince the Feet and Head 
will be equally propelled toward the Center» 
But whether will his Feet or his Head be up* 
permoft ? 

End. Without his being crooked he will 
have both Feet and Head uppermofl, fînce he 
will have his Feet and Head equally diflant 
from the Center of heavy Bodies. But what 
Method would you take to make him afcend . 
and defeend at the fame Time ? 

Arift. Let him move his Head from the 
Center» his Feet will approach to it, and he 
willj in fome Senle^ afcend and defcend at the 

lame 
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fame Time; fince to approach to the Center 
is to dcfcend, and to move from it is to afcend. 
But I fuppofe that this Ma'n* having afcend'ed 
as far as the' Surface of the Earth, is found a- 
mongft the Antipodes. How does he remain 
attached' like them to the Surface of the 
Earth, the Soles of his Feet being diametrical- 
ly^iOppofite.to ours, and his Head elevated to- 
ward Heaven as we are. 

End. This isl becaufe the fubtile Matter, 
which furrounds the fpherical Earth, impels 
thehi; as: itiàïi^ usi ^ndîgwe3;;them is welf as 
us a perpendicular Direâion; tft^yar^ the Cen- 
ter x>f heavy Bodies. ' But /f the Caufe of Gra- 
vity equally furroôfid'ith.e whQl^,^l<>be of the 
E^rth, the SurfatQ of Liquors- QVght:to be cpn-; 
veii yet yc»j would fay (;hattiç;iSia; Plane. * -, . 
_^j/?. k is rconvex indfeg^/^ ^al though jitr 
Convexity is infeniible; for its Parts being^ç.: 
c^Uy J)reifcd tavt^rd the Center of ; the terre- 
ftrial Globe, tfcéy .ovght aUt® approach .it'Cr- 
qu«JJy, igj^d.coiafciqwnUy mïi|c$:^^i(^ Apfpj all the[ 
Poînts of which being equally diftant from a ; 
cbminod C^htcr-j epmpbfe ' a <jc)istj?s; , Surface. ' 
But if Bodies are thi^sj prfcflfed;içyieryj;v^here to-f 
ward the Center bf the tçrre^çiâl -GJobe, how 
are/two perpéndiçiîlarWalIg-paf^Hel? . / . - v 
Eud. It /beiiïg; fuppofed that (die Earth, is ; 
round, they are hot indeed:.rQaUy Parallel; for. 
i£ both the ,on0- arid the otheç {hould defçend 
tQ the Center by a perpeijclicular Lfine , •: they^ • 
would be united .together, gut, 4f the Poiç.i; . 

of 
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of a Needle {ho.u!d îiappefl: -io h€ îmmôvabje 
'in this perpendicular Linfe, ^ whàé Weight côuîà 

îtfuftain? : • ' /' :;•;•'• - - ''\'\ 

Arifl. Being placed beÎ6w. thc^ Center ' ôF 
Gravity, it might fuppbrt àîi- îmmenfé Weiglit*^ 
fînce upon this Suppofition/tlhe Center of Gra- 
vity could notdefcend. But -why does aii 
immenfe Weight njove without DifHcuky di- 
vers' Ways, when the Center of Gravity is fuf- 
pended in the Air? 

^ud. Bjecaufe in that Cafe you have neither 
the Inequalities of a rugged Plane to deftroy, 
nor the Force of Gravity to overcome. But 
what would happen, if the Center of Gravity 
were neither fufpended nor fupported? ■ -- 

Artjli It is evident that it would fall ; fince 
thcCaufe of Gravity would pufh it downward, 
and nothing would hinder its Fall ; and in its 
Fall it would carry along with it- the reft.^of 
the Body, according to your firft Rule of Gra-*- 
vlty. 

EiUd. You fee, no doubt, in this Principle,- 
why in the Motion of two footed Animals the 
Body inclines and is biafled fometimes to the 
right, fometimes to the left. • 

Artjl. This is to the End that the Line of 
Direction always paffing through one Foot, 
while the other is in the Air, the Center of 
Gravity, from which the Line of Dîreâion 
proceeds, mayVbe (bftained by this Foot. I£ 
the Center were fupported by nothing, it would 
fall, ^ and carry along with it the two footed 
- Animal, 
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Animal » whether rational or not, to the 
Ground. But pray, what is it that teaches the 
little Birds perched upon a Tree in die Night- 
Time to hold faft the Branch precifely with 
one Foot, to draw up the other Foot under 
their Feathers, to cany their Head on the o- 
ther Side, and hide it under the Wing, in orr 
der to fleep quietly ? 

Eud. It is Nature which teaches them, to 
the End that the Line of Direâion may pais 
through the Foot which grafps the Branch, 
and that the Center of Gravity, fupported by 
this Foot, may not difturb them, nor oblige 
them to interru|)t their Sleep, and to fly away, 
in order to avoid falling. 

jiriji. It is Nature alfo then, which by fe- 
cret Leâbns teaches Porters and crook'd-back- 
cd Perlons to bend themfelvcs forward, when 
they have a confiderable Weight upon their 
Bacici or to bend backward when tney carry 
a Weight hefore them, as Ferions do who ztt 
in very good Plight of Body, or Women big 
with Child. 

EuJ. Nature makes them fenfible that they 
ought to take this Situatbn, that the Line of 
Direâion may pais through the L^s, and that 
the Legs may uipport the Center of Gravity > 
without which one might iee frequent Falls 
]j|^)re dangerous than diverting. But when 
good Manners incline . the upper Part of the 
Body, and bow the Head forward, why doea- 

the 
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the natural Mechanifin, as well as good Man* 
ner^ advance one Foot } 

Arift. They advance one Foot thro* which 
the Line of Direâion may pa&, arid which (up- 
J)orts the Center of Gravity, left by an Bxcefs 
of good Breeding one ihould throw one's Face 
upon the Earth, as they infallibly do,^ who 
without any Support, having both their Feet 
againft a Wall, attempt to take up a Pin, or 
gather a Flower at their Feet. 

Neverthelefs in a four footed Animal, in a 
Horfe for Example which gallops, the Center 
of Gravity being toward the middle of his 
Belly, feems to be fuftained by nothing, yet he 
does not fail. Why? 

Eud. In a Horfe which gallops, the Center 
of Gravity, as well as the folid Di^onal where* 
in it is found, is fuftained by two Legs, the 
r^ht Fore*leK> and the left Hind^leg; or hf 
the left Fore4eg, and the right Hind-Teg; fince 
both the one and the other alv^ays bearing al*^ 
teniately upon the Earthy fupport the iblid Di- 
agonal which goes fr<Hn a right Leg to a Idk 
one, and to which the Center of Gravity cor- 
refponds. 

Can you tell me with the fame Facility 
why Bodies, whole- Bafe is very large, can re- 
main inclined with die greater Safety } 

Arift. Becaufe while the Line of DireéHcp 
pafies through the Bafc, the Center of Gravi- 
ty being fupported by the Bafe cannot fall; 
and fb long as it cannot fall, the Parts fur- 
rounding 
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jr/DUDding ic KtAhiOf faithfully attached to it, ty 
the firft Rule of Gravity. Hence the fapaous 
Towerof P//^, whofc inclined Top feénàs. to 
threaten Ruin every Moment, always ftands 
Army and dares the Efforts of Gravity and 

Wiqd.. ^ . 

'Eud.. I adhere to your Sentiment upon this 
Head. But upon a Planq I give -a right Di- 
redion to a Bowl, whofe Center of Gravity 
does not coincide with the Center of the Fi- 
gure : Will the Bowl turn afide or not ? 

yiri/l. It will turn afide; for the half of .the 
powl, in which the Center of Gravity is not, 
having lefs Mais, will lofe jnofe of its Veloci- 
ty, arid for want of Velocity veill force the o- 
iher half, which ought to move more fwiftly, 
to turn afide -, much after the Ikme Manner as 
the fixt Poiut^ which is at the End of a Radi- 
us or Spoke,çonfl:rains the other Extremity eve-, 
ry Moment to leave the right Line, in order 
to defcribe the Arc of a Cirde. . 

Let us fuppofe now that the Center of Gra* 
yity, and the Center of Bulk or Figure, are the 
fame Thing in the.rqundeft Bowl that can be 
made, I place it upon the Edge of an hori- 
zontal Plane perfcélly fmooth: What hap- 
pens ? . ... 

Èud. The Bowl, without your impelling it ; 
the leaft in the World, will go as of itfelf, but is 
protruded by the fubtile Matter, towards the . 
Middle of the Plane j becaufe . the Middle of 
the Plane will.be neareft to the Center of the 

Earth. 
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Earth. For all the Lines or Radiiy from the 
Middle to the Extremities of the Plane, will 
be fo many Tangents, which will remove more 
and more from the Center of heavy Bodies ; 
fo (hat if one ihould walk upon this Plane from 
îhp Middle towards the Extremities, or from 
the Extrenxities towards the Middle, one ihould 
defcend or àfcend inceflantly upon an horizon<- 
tal Plane* This is my Anfwer, I wait for 
yoqrj. 

I fhrow a Gat from the third Story into the 
Street; the firft Inftant of its Fall it has its four 
Feet upward ; yet it falls upon the four Feet 
without any Hurt. What is it that gives it 
<b fafe a Direélion in the Time of falling? 

Ariji,. That is what I would willingly learn 
from your Mouth. 

Eud. The Cat being fuddenly feized with a 
||;ind of natural Fear, l^nds the Back-Bone, ad-- 
yancqg the Belly, ftretches out Feet and Head, 
as if it attempted to recover the Place whence; 
it came; and this gives the Feet and Head the' 
greater Fcirce of a Leaven In this extraordi- 
nary Motion the Center of Gravity afcends a- 
hove the Center of Figure; but not being fu- 
Aained it icpo defcends ; in defcending in or^ 
der to place itfelf below the Center of Figure, 
according to the fourth Rule, it turns the Bel- 
ly, Head and Feet of the Cat towards the- 
Earth; fo that at the End of the Fall the Cat 
finds itfelf at the Ground upon its four F^t, 
Vq^j.. I. S and 
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and odly runs the more iwiftly : Thus you 
have^the Problem explained. 

Now I fill a Pail with Water; I plunge a 
Staff into it, one of whofc Extremities is in the 
Middle of the Bottom ; between the other Ex- 
tremity of the Staff and the Handle of the 
Pail L infert the Blade of a Knife, which leans 
horizontally upon a .Table or Plane : Will the 
PailM?. 

Ariji. The Pail cannot fall, unl^s the Blade 
be inclined; the Blade cannot be inclined, un- 
lefs the Staff in the Middle of the Pail defcribe 
an Arc of a Circle, elevating its lower End to* 
ward the Table or Plane ; the Staff cannot a- 
fcend after that Manner, unlefs the Pail afcend 
wià the Water ; the Staff, Pail and Water 
cannot afcend , unlefs the Center of Gravity 
aicend ; the Center of Gravity cannot afcend, 
fince; the Caufe of Gravity thruffe it toward 
the Center of heavy Bodies, and no Force 
pi$(hes it backward: Therefore the Pail of Wa- 
ter/ will not fall. 

- Yxm know better than I do, that the Pail 
will not fall : But do you know what Method 
muft be taken to make a Bridge in the Air 
widiout Pillars , upon which one might walk 
vyithout afcending or defcending, although in 
walking one always defcribed an Arc of a 
Circle, 

. Eud. The Plan of that is very eafie. Make 
a ^Vault of Stones in the Air, equally diflanc 
from the Center qf the Earth, equally com- 

prefled 
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preflTed by the Caufe of Gravity, and equally 
fupportçd by one another. Let the Vault en- 
compafs the whole Earth, as the Ring of 5^- 
turn encompafles that Planet, and thus you 
have your Bridge in the Air : You mjiy walk 
upon it without afcending or defcending, fince 
you will always be equally diilant from the 
Center of heavy Bodies. 

jirijl. The Walk would be new; but I 
(hould find more Pleafure in hearing you dif- 
courfë here of the Vibrations of the Pendulum, 
or of this Billiard-Bail fufpepded. 

Eud* Here is a Pendulum at Reft in a per- 
pendicular Line, or Line of Direélion, I re- 
move it from this Line, carry it to the Righ^ 
and then leave it to itfelf. The Gravity makes 
it fall, as it were by a fort of inclined Piano. 
In its Fall it accelerates its Motion (by the fifth 
Rule of Gravity), Having by that Means ac- 
quired more Force than is neceflary for re- 
gaining the Line of Direâ;bn, from which I 
removed it, it pafibs beyond it and afcends to 
the left, fo long as its acquired Force can o- 
vcrcome the Refiftance of the Air and of Gra- 
vity. In afcending to the left, it defcribes a 
fmaller Arc, than in defcending, becaufe i( 
meets with more Refiftance. In defcending, 
it had only the Air to drive away ; in afcend- 
ing, it has both the Air to repel, and the Gra- 
vis to overcome. Being forced to^yield, it 
falls back from a leis elevated Part than the 
firft Timei it again accelerates its Motion pro^ 

S 2 portionally. 
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portîonally, and paflcs beyond the Line of DU 
reâîon. Having fallen back from a lels ele*» 
vated Place, it afcends ftill to a lefs Height, bç- 
caufe it has acquired lefs Force. It falls back 
ftill, being impelled by thé Caufe of Gravity; 
and by alternate Vibrations, which continue to 
diminifh, it pafles and repaflçs the Line of Dî- 
reâion, till, aftçr halving moft cxaâly obferved 
your Rules of Motion and Gravity, it refts at 
laft in the Line of Diredion, from which I 
withdrew it at firft. 

The Vibrations of the f^^îc Pendulum, whe- 
ther greater or fmaller, always happen in equaj 
Time, at leaft in the Judgment of the Senies. 
Remove two equal Pendulums unequally from 
the Line of Eiireâion y thea iea ve them at Li- 
berty 5 you may fee them form the lame Numrr 
ber of Vibrations in the fame Space of Time. 
Whence can that proceçd ? Beçaufe the fame 
Pendulum, when it makes greater Vibrations, 
makes them proportionally with greater Velo^ 
city. In a Word, it defdends from a greater 
Height, and defcribes an Arc which approach- 
es nearer to the perpendicular, and confçquent- 
ly it defcends more fwiftly, accelerates its Mqt 
lion, and runs through a greater Space in the 
fame Time. Hence the Vibration? of the 
fame Pendulum, whether greater or fmaller, 
are fenfibly formed in equal Times ; and Clocks 
with a Pendulum, or which have a Balance, 
are the moft exa6l ; becaufe all thç Vibrations^ 
of the Balance or Pendulum being of the fame 

Dura-f 
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duration, tîiey are fitteft Â)r dividing the 
Time into equal Parts. Thus nothing is more 
e)ca6l than the Clock, which you fee in my 
Cloïce. Its Motion however fcems to nie too 
precipitate to Day; becaufèitadmonifhesmeto 
finilh a ConverTacion, in which I find the mofl: 
exquilîce Pleafure. But at laf^ after what ws 
have laid, one may eafily comprehend what 
refpefts Gravity and its Effedb. Mechanics 
have already fhewed them us in foUd Bodies 
when we were ipeaking of the general Prin- 
ciple of Mechanicks ; whenevet you pleafe we 
will fee them in liquid Bodies. I fhall be 

£ leafed firft to knoW your Opinion cOncerniOg 
piquidity, ahd then I {hall tell you mine con-- 
Ccming the Gravity of liquid Bodies, and laft 
of all we (hall dlfpute concerning the Mquiii-' 
brium of Liquors. 
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Upon the Nature of ïtqutd Bodiei. 

JE//^.X 7t THAT is a liquid Body? What 
V V is Liquidity ? What is the Caufe 
of it? You are going, Arifius^ to clear up this 
Matter, and my greateft Pleafure is to fee the 
Truth come from the Mouth of a young Per- 
fon, who dijfcovers fo, confiant a Zeal for it in 
a Time and Age, wherein Fables have fo many 
Charms. 

Arifi. Upon this Head I fhall only tell you 
the Opinion of Eugene. I call a liquid Body, 
faid he to me yefterday, a Body whofe Parts 
yield, without any fenfible Refiftance, to the 
Effort which I make in order to feparate them, 
and which takes all Sorts of Figures without 
any Difficulty f. Such are the Air, Water, 
Brandy, Wine, Milk, G?r. 

What 

/ ■ • 

•f- A Fluid is a Body whofe Parts yield to any Force impreffed, 
and by .yielding are very cafily moved one amongft another. 
Whence it follows, that Fluidity arijes from ibis y That the Farts 
do not ftrongly cohere ^ and that the Motion is not hindered by any 
Inequality in the Surface of the PartSy as it happens in Powders. 
But the Particles of which Fluids conlift, are of the fame Nature 
with the Particles of other Bodies, and have the jlaizie Properties ; 

for 
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What is Liquidity then? It is, continued hç> 
u continuai Agitation of infeniible and divided 
Parts ; fufpend this Agitation, and the 'liquid 
Body is hardened; by that Means Water ,be- 
conaes Ice in Winter. Reftore this Agitation 
to the infenfible and divided Particles ; the leaft 
Effort feparates them; no more is required but 
to give them new Direâions: Thus the hard 
Body becomes liquid, and Ice is no longer any 
Thing but Water. 

Thus Experience fufEciently difcovers a con*- 
tinual Agitation of infenfible Particles in Li- 
quids. For in a Word, Sugar and Salts arc 
diflblved in Liquors, and Liquors receive the 
Colour, Tafte, and fpeci fie Virtues of Barks 
and medicinal Plants. This is not done but 
by the Diforder and local Tranfportation of 
their Particles. The infenfible Particles of Li- 
quors caufe this Diforder andTranflation; they 
only caufe it by Motion ^ they only give their 
own Motion in order to caufe it: Therefore 
they muft be in a continual Agitation. Hence 

for Liquids are often converted into Solids, when there is a more 
llrong Cohefîon of them, as in Ice. On the contrary melted Me- 
tals give us an Inftance of a Solid changed into a Fluid. 

Huids Agree in this with filid Bodies^ via. That thej cvnfift if 
heavy F articles, and have their Gravity^, proportionable to their 
^antity of Matter in any Pojition of the Parts. 

If in the Liquid itfelf that Gravity be not fcnfible, it is owing 
to this, that the lower Parts fuftain the up{)er, and hinder them 
from defcending: But it does not follow from thence> that the 
Gravity is taken axvay ; becaufe a Liquid contained in a Veflcl 
will preis down the End of a Ballance^ which carries the Ve^ 
in Proportion to its Quantity. Fide Gravejandei p. 133. 

s 4 the 
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the Mixture of Wine and Water is made with 
fo much Quicknefs, that you would believe the 
Water fuddënly changed into Wine. 

But whence proceeds, demanded I, this con- 
tinual Agitation" of infenfibie Particles ? In a 
Word, what is the Caufe of Liquidity ? I fee 
two Caufes of it, anfwered Eugene^ the one in- 
ternal, and the other external I find the firft 
in the cylindrick, elliptick, or fpherical and 
polifhed Figure of the Particles of liquid Bo- 
dies ; and the fécond in the rapid Motion of 
the fubtile Matter, which meeting in its Way 
with Particles of a Smallnefs and Figure fo fuf- 
ceptible of Motion, communicates it to them 
incefTantly ; without which the Air itfelf, which 
encompaâès us, would in a fhort Time be^ 
come a folid Body, wherein every one wouïd 
be much aftonifhed to fee himfelf immovable, 
as in a fort of Niche or Hole. 

Therefore , faid he again, it is the fubtile 
Matter which gives Liquors the Efficacy they 
have in diflblving fo many folid Bodies. But 
why does not this matter difTolve them equal- 
ly without Liquors ? Without Liquors, replied 
Eugene, this Matter, by Reafon of its extreme 
Smallnefs, finds in thofe Bodies too free Pafia- 
ges, and pafles through without difordering 
or hurtbg any Thing, at leaft fenfibly; or be- 
ing too feeble for making itfelf a Paflage, it 
turns afide without doing any Damage. But 
in Liquors, it is charged with an Infinity of 
grofler and more folid Particles y being charged 

after 
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after that Manner, it makes a Bulk which finds 
lefs Accefs into the Pores, unites more Forces, 
ftrikes more violently, fliakes and breaks the 
Bonds which hold the Parts united toge- 
ther, and at laft diffolves the folid Bodies, fo 
as to reduce diem to a Liquor. Thus Water a- 
lone paffes rapidly under a Bridge, and is bro- 
ken againft a Bark, without damaging either 
the Bark or Bridge; but is it charged with 
groffer Bodies, Pieces of Timber on Shoals of 
Ice ? It (hatters the Bark, overturns the Bridge, 
and carries Deftruôion and Defolation every 
where. 

According to your Principles, replied I, all 
Bodies ought to be changed and corrupted 
fooner in Liquors than in the Air. Neverthe- 
iefs Cherries, Nuts, Apricocks, and Citrons 
are lefs preferved in the Air than in Aqua Vita 
and diflolved Sugar. 

If the Liquor, anfwefed Eugene^ cannot, be- 
caufe of its Thicknefs or Figure, penetrate into 
the Pores of a folid Body^ it cannot diflblve it ; 
it only preierves it from the Impreffions of the 
external Air, and maintains if againft the Ef- 
forts of the internal Air, which continually en- 
deavours to break by its Spring, the fmall Pores 
which retain it as it were imprifoned in the fo- 
lid Body. Is the Liquor filtred too eafily in a 
Body ? It breaks few Bonds, Parts or Fibres ; 
it caufes little Alteration in it. When it infi- 
nuates itfelf into the Interftices charged with 
Salts, and thoie Salts find themfelves intangled 
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in them like fo many fmall Wedges, without 
beinff able to difengage themfelves, by Reaiba 
of the Solidity of the Parts which furround 
them; thefe fmall We<lges only give Conû*- 
ftence to the Parts which contain them, and 
which they contain in fome Sort; they hinder 
the fine Particles of the Liquor from dividing 
thofc of the folid Body , or the Spring of the 
internal Air from breaking them. By that 
Means thefe Salts preferve Fruits^ as conunon 
Salt preferves Meat. 

This being granted, the Brandy penetrates 
too eafily, or does not fufficiently pene- 
trate certain Bodies, fo as to damage them : If 
it contains Cherries, Nuts, Apricocks, or Ci- 
trons with Sugar, it carries the Salts of the 
Sugar into an Infinity of Pores ; thofe Salts be* 
ing funk like fo many fmall Wedges, without 
being able to extricate themfelves, only fervcf 
to give Confiftence to the Parts, which are be- 
tween them; they fecure them from the Aâi- 
on of the fubtile Matter, Air and fine Parts of 
the Liquor. Thus Confits of Cherries, Nuts, 
Apricocks, and Citrons, are preferved in Li- 
quor ; they lofe nothing in it but their Bitter- 
nefs ; the Liquor only fweetens them ; being 
imbibed with Salts, which ftrike the Palate a- 
greeably; far from being corrupted, they are 
rendered only the more delicious, the moft ri- 
gid Philofophers themfelves being Judges. 

Your fweet Meats, replied I fmiling, appear 

to me to have an exquifite Reliih ; I love them 

7 fo 
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to much the more , becôufë you have , as it 

were, feafoned them with Philôfophy. But â 

certain Quantity of Water diffolvés prècifely A 

certain Quantity of common Salt. The fame 

Quantity of Water will however diflblve ftill a 

determinate Quantity of Sugar. How is this 

Problem explained upon your Principles ? i . The 

Particles or Water, anfwered Eugene^ by their 

Agitation drive and expel from the Interfticés 

or Pores of diflferent Salts the Air and fubtile 

Matter; they penetrate into them as fo many 

fmall Wedges, divide, break and diffipate the 

Parts. Here is the Secret of diflblving. 2. The 

fame Quantity of Water only diflblves a certairi 

Quantity of common Salt. Why ? BecaUfe the . 

Points of the Water being blunted, by Means 

of their flriking againft the Parts of this Salt, 

find no more Accefs into its Pores. 3. Thd 

feme Water does not yet ceafe to diffolve à dé^ 

terminate Quantity of Sugar. Here is the Rea- 

fon : The Particles of Water, tho' their Points 

be blunted by diflblving the Salt, are ftill fitie 

enough for entering with fome fort of Violence 

into the Interftices of the Sugar, whofe Pores 

are larger: But as they are blunted more and 

more, they become too thick for penetrating 

into the Sugar; and the Sugar receives no more 

imprefSon from them. Here is, I think, the 

Solution of the Problem. 

But, replied I, fome Uneafinefs always ac- 
companies Curiofity. I don't know if I fuffi- 
cicntly underftood from thofe Principles how 

liquid 
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liquid Bodies fometimes loie their Liquidity } 
why, for Example, Blood let out of the Veins 
fettles and coagulates. The Liquidity cesSts, 
£dd Eugene^ in Proportion as the Motion cea- 
ics, and thé Motion is loft either by the Eva- 
poration of the fineft Parts, or by the Commu- 
nication, or Mixture of certain Bodies, which 
by their Figure graple, faften, and retain the 
agitated Particles of liquid Bodies. Is the Blood 
let out of the Veins? The fineft Parts evapo- 
rate, and others communicate their Motion to 
the Air J the Air is full of Spirits of Nitre, 
which creep into the Blood, contrad: its Parts, 
and dull their Motion. Thus the Motion is 
loft; die Blood, which carried Life into the 
whole human Body, thickens, coagulates and 
fetdes; thus it is ufelefs. Eugene's Sentiment 
concerning Liquidity ieems to me too natural 
not to be adopted. 

Eud. I adopt it as well as you, and nothing 
agrees better with my Opinion concerning the 
Gravity of liquid Bodies. Some Propofitions 
will exprefs my Senuments upon this Head the 
firft Opportunity, 
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Conversation 'XX. 
Upon the Gravity of liquid ^odies^ 

I 

/ 

Âriji. \T O U had the Patience to hear me 
j|[ laft^ Eudoxus; I will have the 
Pleafure of hearing you to Day. Do not fear 
being ijiterrupted. 

Etid. Your Eagemefs^ Arijlus^ animates me 
to explain my felf. 

Proposition I 

" LiquQrs we^h % ; fince they afford fomc 
^^ Hold to the Caufe of Gravity, or to die 
f ' Strokes of the fubtile Matter, which thrufts 
<^ thein, and gives them its Direction toward 
^* the Center of the Earth. 

By the f^ime Principle the Air itfelf ought to 
have Weight, but lefs than iènûble Liquids. 


% Fluids agree In this with Solids, viz. That they confift of 
heavy Particles, and have their Gravity proportional to their 
C^ntity of Matter, in any Pofition of the Parts. 


Prop*- 
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" In Liquors, the Weight of the fuperior 
^* Parts is communicated to the inferior Parts ||- 

Thofe being impelled by the CaUfe of Gra- 
vity ought to impel thefe. . 

Proposition III*. 

" If the Imaginaticm divide Liquors of the 
•* fame Species into Parts, Beds, or Surfaces of 
" the fame Bulk ; thofe Parts, Beds, or Sur- 
" faces weigh proportionally as they are farther 
*• diftant from the fuperior Surface, and nearer 
" the Bottom. 

Becaufe in Proportion as they are nearer the 
Bottom, and farther diftant from the fuperior • 
Surface, befides the Impreffion which they al- 
ways receive immediately from the fubtile Mat- 
ter, they are thruft towards the Center of hea- 
vy Bodies by the greater Number of heavy 
Parts, which cannot pafs through freely, where 
the fubtile Matter alone Would pafs, without 
making fome Effort. 

II The lower Parts fuftain the upper and arc preficd by them, 
and this Preffure is in Proportion to the incumbent Matter, that 
is, to the Height of the Liquid above the Particle that is prelTed ; 
but as the upper Surface of the Liquid is parallel to the Hori- 
zon, all the Points of any Surface, which you may conceive witk- 
in'the Liquid parallel to the Horizon, are equally preffed. 

* See Note on Prop. IL 

Thus 
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Thus Sea Water is fo much the heavier, the 
more it approaches the Bottom. They fatten 
to a founding Lead, which is of a confidera- 
ble Weight, and fattened to the End of a very 
long Gord ; they fatten I fay, to the founding 
ticad a Glafi Bottle, cylindrical, oval or round, 
empty, ttopped with a fealed Stople of Spanijfh 
Wax, and clofed up with all pofliblc Exaét- 
nefs. The empty Bottle, carried along by thç 
Weight of the Sound, defcends into the Depths. 
Draw it up again, and you will be furprized to 
fee, at Icaft fometimes, the Botdc almoft full 
of clear Water extraordinary faltifli*. How 
did this Water, clear and fo faltifli, enter into 
the Bottle? Becaufe the Bottle by Means of it$ 
defcc'nding, has been found in Beds fo weighty, 
that in the cxceffivc Compreffion a Quantity or 
fine, but folid Parts of Salt have made a Pauage 
for themfelves through the Pores of the Bottle, 
and thofe Points of Salt have carried off into 
the Bottle a Quantity of Particles of Water, 
ftriaiy fattened and united with them. 

» I faw a Perfon who madç this Experiment. The Bottle had 
defcended about 200 or 225 Fathoms. 
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Proposition IV, 

" Divide Liquors into liquid Columns, uni* 
" form and perpendicular: The ^hfolute 
*' Weight of evçry Coluipq will infwer to its 
.^'Height. ' V ; 

It is fo much the greater, the higher it h\ 
the higher the Column is, the grçater î^urabeç 
has it of Parts or Beds > and by the; third Pro- 
pdition çyery Part, every Bed weighs ippre in 
rroportion as it is farther diftant fropi^ the fu-? 
perior Surface, and nearer thç Bafç. 

Arift. Well, fot oncQy Eudoxui^ Iflialljh^yQ 
the ill-natured Pleafure of furprizing you in a^ 
F^ult. From a Tube quadruple in Height^ 
and full, there veould flow in an equaJ^ Tv^ % 
quadruple Quantity, or four Tinacs naore Li-^ 
quorj fince tKeCaufe of theFlux, ortheGra^jn 
vity would be quadruple, and the Ei^d^ ?n-; 
fwers to the Caufe which produces it. JNTever-, 
thelefs from a^quadruple Tube, there only ilîlieç^ 
oflt in an equal Time a double Quantity, or 
twice as much Liquor ^ 

End. *Tis true, there iflues out only a douft 
ble Quantity ^ but the Eflfed: is neverthelefs. 
quadruple, as its Caufe is. For a double 
Quantity of Liquor does not flow in equal 
Time, but with double the Velocity ; and the 
flowing of a double Mafs with double the Vç- 

^ HiH. de PAcad. An. 1668. 

locity 
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* locity îsa^ quadruple ,Effeâ:. This Flpwii^g, 
this Effcdt: is the Motion which refaits from 
two Degrees of Mafs, and two Degrees of Ve- 
locity ; and this Motion is four Degrees, fince 
Motion is meafured both by the Velocity and 
the Mafs, and is the Produâ of the one multi- 
plied by the other* . 

Should a Force of one Degree make one 
Inch of Water iflue out in an Inftant, a Force 
of four Degrees will oply. make two Inches 
run out in an Inftant ; fpr two Inches of W^- 
tcr flowing in an Inftant, and confequently witji 
a double Velocity, or two Degrees, afford foi^- 
Degrees of Motion, if you multiply them, by 
one another; and thefe four Degrees of Mbti-* 
on are an Éfiêâ which anfwers to ^ Force of 
four Degrees. 

Ariji. If a Force of one Degree maJ^e aii 
Inch of Liqiior run out of a Tube in an In- 
ftant, is it not natural that a Force of four De- 
grees make four Inches run out in an Inftant ? 
EuJ. Not at all. A Force of four Degrees 
would produce an EfFed of 16 Degrees; for 
the four Inches of Liquor would not iflue out 
on an Inftant, but with a Velocity of four De- 
greeSy which multiplied by the four Inches of 
Liquor, would afford 1 6 Degrees of Motion, 
But a Force of four Degrees does not produce 
an Effect of 16 Degrees; the Force or Caufe is 
not lefs than its Effeâ:^ Therefore though a 
Force of one Degree make an Inch of Liquor 
run out of a Pipe in an Inftant, it is not hatu- 
Vol, 1 T ral 
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rai that a Force of four Degrees . make four 
Inches of it run out in an tnftant. After this 
you may give your felf up to the ill-natured 
Pleafure of feeing me in an Error. 

Arijï. I love better to indulge the Plealure 
of feeing at laft why I was deceived. 

Eud. Let us go oil to explain my Sentiment. 

Proposition V^ 


€C 


While the abfolute Gravity of the Co- 

** lumns of a Liquid makes them tend down- 

" ward, all their infenfible Parts thruft one 

** another every Way, toward all the imagina- 

. " ble Parts of the Univerfe *. 

For, I. The Motion or Agitation, which 
makes the Liquidity of liquid Bodies, forces 
their infenfible Parts to thruft one another after 
that Manner. 2. The inferior Parts being 
comprefTed by the Weight of the fuperior, like 

* 7he freffure upon the kwer Parfs^ whub arifes from the 
Gravity of the fuperincufnbent Liquid exerts itfelf every Way y and 
every Way equally* 

Which follows from the Nature of a Liquid, for its Parts yield 
to any Impreffion, and are eafily moved; therefore no Drop will 
remain in its Place, if whilft it is preffed by a fuperincumbent 
Liquid it is not equally preiTed on every Side i But it cajmct be 
moved on Account of the neighbouring Drops, which are prefled 
in the fame Manner, and with the fame Force, by the fuperin* 

' cumbent Liquid ; and therefore the firft Drop is at Re{l, and e* 
qually preiTed on all Sides, that is, in s^ DirédioBs. ' 
• Corot Hence it follows, that alt the P articles of Liquids, are 
p-eflcd equally on all Sides, and therefore ^r^ ntReftv and that 

• they do not cpntinually move amc^g thcmfdvcs, .as feveral havd 
fuppofèd." Oravejande's Élem» V. L p. 136. . % 
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to niahy little Balls full of Air, and contraéted 
by a. foreign Force ^ incelîantly end^vpur to 
extend thehifelvés^ apd by the Efficacy of their 
Spring Ihruft the adjacent î^arts on all Sides, 
Fig. ig. Hence, 

' I. Pierce the right or left Side of a CaflCj 
and the. Wine will flow immediately. The 
Reafon is hot becaufe its Confinement in die 
Cafk is icroublefome to itj it finds itfelf no bet- 
ter in Mens Èodies than in the Cafk ; the Calk 
preferves ir^ and Mens Bodies corrupt it. What 
is it theri that determines, it to flow? It fe the 
univerfal Impreiïîon or its l^arts j thpfe Parts 
being impelled to the right and left, not ohly: 
by tneir Motion of Liquidity, • but alfo by the 
Spiring of the internal Air, and by the PrefTur e 
which proceeds from . the Gravity^ and being 
always lubjeâ to follQW the third Rule of Mo- 
tion, kfè darted into, "the Air, becaufe there they 
find lefs Oppofition to their Direâion. 

2- Should a Dyke happen to be broke down, 
the Water of a River is turned, afide, and leaves 
its Chaftnel by the fame Reafon ; the Water of 
à Pond which appeared immovable, is fpread 
abroad in great Surges as of itfeif, overflows 
the Fields, and carries either Devaftation or 
JFruitfutnefe round about. 

" 3. Should a lively and clear Water, which 
^fprjngS out of the Brow of a littîe Hill, or 
from the Top of a JMountain, come by fubter- 
rajieous Channels to embellifli our Gardens s^ 
"îirhentvèr it is àt Liberty, you may fee it fpring 

Tz up 
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Up into the Air. The Aâion of Gravity macle 
it at firft deicend frotn its Source; fîncé its 
Parts being comprefled by the Adiqn, itfelf of 
Gravity, and impelled a Thoufand Ways, fol- 
low the Direâion of Channels parallel to the 
Horizon, and where the Refiftance is lèaft, till 
at laft finding a free Paf&ge, bi^t éxaâly in a 
perpendicular Direâion, they Uy hold on it 
by the fame Principle: And as t)y the fourth 
Propofition they have a Force proportional to 
the Height of die Water which défcénds and 
preflcs them by its Gravity, they are rapidly 
darted into the Air ; one would think they ep- 
deavouréd to join their Source again ; at leaft 
they want but little of reaching the Level. . 

ifrj/?. But why dbei not Water rife as far 
as the Level itfelf of its Source ? 

Ëud. I. The Water lofes of its Force in the 
Channels by Friâion. 2. When it fprings up, 
the Refiflance of the Air divides its Parts ; its 
Parts being divided, have thereby a larger Sur- 
face in Proportion to their Mafs; having a 
larger Surface they meet with more Air in 
their Difeâion, and lofe fb much the more of 
their Force, the more they are obliged to di- 
vide it. 

3. The Water which fpouts up, falls back 
upon that which follows it, and weakens it 
by its Fall 5 and this hinders it from recover- 
ing the Level of its Source. 

Would you be furprized now to fee a Di- 
ver v^alk compofedly to the Bottom of the 

Sea, 
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Sea, as we do here, in Order to feck Pearls, 
and to caft' hi$ Eye upon all that is round 
about îiîm without feeling the Weight of the 
Water> eiveii when he happens to be under a 
VdSèl of a, hundred Guns, and of a.Crew of 
five Jiundred or a Thouland Men-f? 

Jrifi. 

» 

f TheCaufc oif* this' is çxcdlcntlywdl. explained hy ^yç.JIpb. 
BorfUui 4fi M^ihis' Natuix in Gravitate faults. Prop,. 29, &c. 
After he had fliewa, that Sand in b very flrong Vefiel, x:ahnot 
any Way be dividdd*, and that a Wedge will by no Means enter 
into it; and alfo that Water in a Bladder, equally comprelTed 
on ^tU Sides» can neither be dreightened nor bent, nor at all 
moved : Sp hketoife^ Çzys he, in the Body of an Animal^ there is 
contained within the Skin^ fime Farts tohich are hard and folid^ 
fucb as the Bemes l others that are fofiy fuch as the Tendons, 
Ner^es^ Membranes and Mufiks i and others that are fluidf wa- 
try or oily, Nm the Bones in an Animal cannot be Broken or dif- 
jointedy unUfl the incumbent Weight frejfes one Wa^ only y as it 
does on Forte/s: Bat if the Freffiire diffufes itfelf all round, fo 
as to prefs upwards and downwards^ and fidiwaysy with equal 
Force^ fo that there he no Fart of the Skin but what is prejfed^ 
then it is impoffible^ that any. Thing /hould be feparatedorpat oui 
of the Way. ne fame may be faut of the Nerves and Mufcles, 
which though they be fifty yet becaujk they confift of tough and 
. ftrong Fibresy they can all fupport me anotbery and reftft an uni- 
verfally dsffufed fpberical Compreffioni the fame may alfo be f aid 
of the Blood and other Humours of an Animaly which are of a 
watry Nature*» for as it is evidertty that Water cannot be conden* 
fidy fo likewife the Humours of an Animaly contained in the Cavi- 
ties of its Fejfels, though they may be bruifedby an Impulfe made ' 
from one or a few particular F laces \ yet they can yiever be forced 
eut of their Veffels, or torn afunder by an univerfal Comprejpon 
every Way. ^0 long therefore as thefilidy tendinous y or fiefhy or li-- 
quid F arts y do net undergo any Séparation, Contujiony nor are diS" 
jointedy nor their Situation of all changed; it is impoj/ible, that 
any Fain or Vneafinef s Jheuld follow in the Animaly which cannot 
arife from, any other Caufiy but feparating that which was one 
eentinued Thing. Wherefore when Diversy &c. 

And this is confirmed by what the famous Mr, Boyle obfenred, 
in his fécond Appendix to tke Eleventh Hydroftatic Faradox, viz. 

Tj That 


178 Conversation 

Ariji, According to the Laws of the tlnion 
of the Soul and Body, 'we only feel Things ia 
Proportion to the Changes which thçy produce 
in the Body, or in the Senfes. No\v; the Wa-r 
tçr produces no Change, at leaft np cpnfider^T 
ble one, in the Body or Senfçs of the Divc^. 
The Parts of the Water being thrufi: toward all 
imaginable Places, equally, or almoft equally, 
pufh all the Parts of his Bo^y toward a com- 
mon Center; which Parts being difpofed in 
Form of a Vault, and fupported by Âe inter- 
That a Tadpole, an Animal whofe Flefh is vcryr tendcar. and Mty 
put into a VeiTel half full of Water, fo, dofod up, that the Air 
contained in it, beihg condenfed eight Tunes as much as in its 
raturai State, preiTed upon th? Water as much, as if a Column 
of Water of three hundred Feet in Height laid upon the Animal; 
jnoved itfelf notwithftanding, and fwam about veiy ^uick, and 
found no Inconvenience that could be perceived. 

However, becaufe in moll Animab there is a great' deal of Air, 
^hich may eaiily be comprefled and condenfed; therefore, though 
jfo particuIaT Member is disjointed, when an Animal is immerfed 
very deep in Water, yet they muft all of them necçffarily be 
ilraiglitencd and contrafled, by the equal "Weight and PrefFure of ^ 
the incumbçnt Water on ail Sides, as Mr. Boyle fays, happened to 
the Tadpole in the forementioned Experiment 

Eelidesjthofe Animals, whofe Lungs art {o formed as to con- 
tain a great deal of thin Air and. Breath in them, though the other 
■Parts of them be not at all hurt, yçt their Bréib mdl of Necef- 
, £ty be flraightned and çontradled, in the fame Manner, as the 
Cork is ufually thrt^ft into an empty Botde, by the Weight of the 
Water, when it is funk very deep. 'Therefore Men, whole 
Lungs are very large, whe;i they dive very deep into the Sea, 
though they £n4 no Manner of Inconvenience in any other Fart 
, of their Bodies, yet they labour under a DiiHculty of Breathing, 
^nd a Pain in their Bread (though they, have Air enough co: - 
veyed to them to breath). And thus the famous Mr. Boyle 
tells VIS of ^ certain Diver, that when he walked at the Bottom of 
the Sea, the Blood flew out at his Nofe and Ey/^s. Clarke* s Ro- 
j^4tffi, Vol. I p. S5|. / " 
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nàl Air, fuftaih tjic equal, or alrhoft equal Ef-^ 
feâ of the Parts of tne Water, without being 
difpkced or diibrdered in any fenfible Manner. 
Therefore I ought not to be furprized that the 
Dîver feels hot the ^yeîght of the Water. Yoa 
have indeed deprived me of the Pleafure of % 
Surprize, by giving me one more agreeable. 
End. You readily conceive my Meaning. 

Proposition VI. 

'^ A liquid BpJiy weighs upon its Bafe aor 
" cording to its Height. The ImprefHon of a 
** liquid Body upon the Bafe that fupports ir, 
" although its Parts aâ: with an univcrfal Mo- 
" tion , anfwers precifely to its Height and 
« Bàfe. 

The Propofition is true, if when there is the 
fame Species of Xiquor, an equal Bafe and e- 
qual Height in the liquid Body, the Adtion of 
the Gravity, upon the Bafe,. is equal notwkh- 
ilahding the Inequality of Size.: But it is 
equal ; it is, I fay, equal if in a conic Veflç^ 
(a)' Fig. 20. which only contains one Pound of 
Water, the Aâiion of Gravity upon the Bafo 
(b) is as ftrong as in the wide Veffel (c) Fig.. 
21. whîch carries looPound of Water, upoa 
an equal Bafe (d)y and under the fame Height, 
It is demonftrated by Reafon, that the Adioa 
of Gravity upon the Bafe is equally ftrong in 
thofe two Veflels ; for the Parts, which imme-. 
diately touch the Bafe of the conic Veflbl,^ can- 

T 4. ' not^ 
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I. 

not J3e of the faale Number and , j^qudl^y .com- ^ 
preifed, without the Aftion of Gravît^.' be e- . 
qu3tii" being of the fame Number and pqually . 
corriprelTed, they pught\tomaJke the fame Ef- 
fort to get more Room, and confequently ta - 
pfefs the Bafe alike.- But i . TÉiçy are of the / 
fame Number, fince'by SupppfîuOn .ihiey cover . 
equal Bafes. 2. They are equally ComprcfTed ; 
for in the conic Vçfïef there rsat leaft one Co- 
lumn of Water of the Height of thç wide Vef- 
fel ; this Column 'ha's^ fts Parts aS much con- 
traâed as thofe of the larger Ye^l, fince thp 
PreffuFe of a Coluibn of Liquor ahfwers to its . 
Haighc by thé foufth Propofition" ^Its Parts , 
beiiig equally compreffed, make' die fartie PreP . 
fur€ to pafs into the Columns \viiich furround . 
ir/fîncè they acîi with an univeriai Motidn by , 
the fifth Propofitioq.,. and ajfo with all their 
Foficès» a« all neceflary Catifes âç. The A6li- 
on of iGravity upon the Bafe is therefore equal 
in bD«tf Veffek. ^ 

IA' Ôiort, if the tt\rp«qual B^fes of twa Vef- 
felâv equal in Height, but unequal in Wide- 
nef^j'Wé two moveable PiftohsY^^^j Experi- 
ence i^ews, that to fupport the Pifton, which 
ha^ «in- it only brie Pound of Water in the co- 
nic- VdTel, as much Force is required as to iu- 
ftain the Pifton which bears an hundred Pound 
in the other VefTel much larger. Therefore 
when there is the fame Species of Liquor, an 
equal Bale, and an equal Height of the liquid 
Body, the Action of Gravity upon the Bale is 

equal J 
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cc^a! y thçrefore^ the In^FeffioiJ of a liquid Bo* ; 
dy upon the Bafe which fuftains it, thou^ its 
Parts ^Êt every Way, anjTwcrs {wrecifely to the i 
Height and the Bafe y which was to be proved^ , 

But, you will fay, in the, Veflcl which wi- / 
dens continually, tàe lateral Columns of Water *: 
(gbj il) ought to aâ: upgiit thoie which are pein / 
pendicular to .the Baft (^;/y,>j>^* It is triièî; 
bue by the fame PriacipW there; i^aii equal Re^ : 
aâion on their Part: Heilc^jhé' oblique Ef** 
fort of the laoe^al CoHunuis dcic^ notpafs to 
thé Bafe, 

Àri(t: But when the Baie of a conic Vèflel is : 
inimovat)le, jp fiipporting. it I only find' in the ' 
Water* the We^hf pf oiSe, Pound. Let', the ^ 
fame Bafe become moveable, and I find a ■ 
Weçhic of ?JQ hundred PoMdd in the farhe 
Quantity of Water. . Wh*| Charm changes at 
once the Wej^ht of one Pound into the Weight 
of an Efuncked ? 

End. In order to difcover this iccret Chami; 
I fuppofe a Bow (a) Fig. zz. whofe abfolute 
Weight is one Pound, and whofe Spring is e- 
qual to the Weight of an Hundred. I bend 
this Bow and. place, it in a Machine between 
two Planes^ joined in fuch a Manner, that it 
cannot feparate them. After that I fupport the 
inferior Plajne with the Hand, ami I only find 
in die Bow the Weight of one Pounds I feel 
only the abfolute Weight of the Bow. Why ? 
While the bent Bow endeavours by the Force 
of its Spring to feparate equally me two infe* 

parable 
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prable Planes^ by the EfFort which it makes 
agdnâ: the upper Plane^ it thfufts the lower 
Plane back as mt;ich towatdche Sky, as it pufh- 
cs it toward tfce C€*«er o( the Earth. For 
whSch-ReafonUhe Force of the^ Spring deftroys 
itfeif- in foHie'Sdrty with Refpëâ: to me Hand 
whki^ ^bftaiiis. the Plane. Being thus" deftroy^ 
cà ir is inot perceived,- and (pares me the Trou- 
ble oflfuftainingaForce oi an hundred Pound' 
Weight. But is tht^ lower •Plaiie'^fiiddenly de- 
tadied? The ^orce of ah hÀifiëred'- Pounds, 
which by Means of the Machine equally im- 
pelled' it toiwaDd two oppofitë î?6ftittf, how 
fr^cs It only toward my Hând| %iid at once 
bave, the ^Veight of ap hundred Pounds to 
fuftain. - < - ' ' ; 

Now the fmall Parts of Water m the conic 
Veifelr are fo many fmall' bended ' Arës , one 
Extremity whereof refts upon thé^ Safe, while 
the othfer is fupported upon the inclined Sides 
of ^he VèffeL Is the Bafe attached %o the Sides 
of the Vef£l? The Spring of thofe fmall Arcs 
puihcs the Bafe by the EfFor-t which it makcs^ 
imtoediately a^ainft it; and puflbes it back by 
the. Effort which it makes immediately againflr 
the inclined Sides of the VeflblJ 'Being im- 
pellfid and repelled equally at the fame Time 
by the Force of the Spring, it ddés not make 
thelloipreflion pafs into the Hand which fu-, 
ftaiûsit.;^ and the Hind only feels the abfolut© 
Weight of the Liquor, or the Weight of one 
PouiP^r But is the,Pafe detached fuddenly 

from 
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frpm the Sides of the VeflH? ' The Force of : 
the Spring protrpdes it without aay Repuliè. 
Being impelled after this Manner by a Force/of 
an hu{)d):ed Pounds^ it makes the whole Im-* ' 
preffion of it fçlc; and this is this Charm which 
at once changes a Weight of one Pound into a 
Weight of an Hundred. , * 

jlrijt. Suppofe that thia Lîqûqr of one 
Pound, fuddenly changed into a Weight of an • 
hundred Pounds, happens to freeze upon the 
moveable Bafe. What will happen ? 

Eud. The frçei&îng will make one Pound 
, Weight of an hundred Pound: Weight; for the 
Force of the Springs, which proceeds from the 
uniyçrfal Adion of the Parts, 5;srill be fuipaid- 
ed, fince all the Parts will be faftened and 
linked together after fuch a Manner by the 
cold that they pannot flow, or be agitated or 
feparated, or afford any Thing to the Mecha- 
nifpi of the Spring. ^Letlfeat fuççeed the 
Cojld: You wiU quickly find, as before, a Force 
of an hundred Pounds in* a Wpig^^ <^f o^ 
Poiyad. 

J^riji^ Can you find upon this Principle, and 
thofe which you have eftablifhed, the Caufè: 
why- à Stream of Water is fufficient to raife an4 
burft'the Bottom of a Caik \oa^àçà w^th a cpn- 
fidcjr^ble Weight ? 

Eud. Yesi without dpubt. Fill a great 
Hoglhead with Water. Pierce the Hogmead 
being . full and well clofed To the Hole 
>vhif h you have made, apply a Pipe of a cer- 


) 


284 Conversation XX. 

taia Length, and as nznaw as you plczCe. ' A 
Stream of Water poured in through this Pipe, 
conxprcfles all the Water which it encounters 
in- the fame Coluinn, in Proportion to its ^ 
Height,' bjr the iecoftd Propofition v The PreC- 
iuœ of this Column pafles to'the^ neighbouriiiig' ; 
Columns; thefe communicate it fticiceffivëijr to 
all the other, by the iiich P^opofition. All the 
Water of thie Cafk is e2ttra4>raitiârily compref--' \ 
fed Being cxtraordinafUy fi^Ompcâifed, itmàkei ^ 
extraordinary Efibrts in or^rto get at Liber-* 
ty; like a bended Bow ; thç Sides of the Caflc 
fecDnded \sf dieextemal Air, which weighs \ 
much leis than Water, not being able to'fu- 
ftaih thofe Efibrtsi the J^â^ns prevail, and the * 
Calkburfts. . ' 


"«• » 


Proposition VII. 

V . ft « • ^ 

" Lkjuid Bodies- of the famé Spçcîcs, which 
*^ have an immediate Communication with one 
" another in Ibme Part, aâ preèifely againft * 
" one another in the Ratio of their Height. 
*^ Êy their beîhg more or lefs large, their re- 
** dprocal Aâion is not more or lefe ftrong. 

For thofe Bodies aét again(): one another in 
Proportion to their being compréflèd, by the 
Proof of the fifth Propofition. Now, they arc 
precifely compréflèd in the îta^io of their 
Height, by the fixth Propofition. Therefore . 
they aâ againft one another precifely in the 
Ratio of their Height^ and a Scream of Water 

might 
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might ekvate'^the whole Sea. .Hence pour 

' Water into, cdmraunicatm^ Tubes^i Fig. z^* 
one oi which i^ at^ hundred Times larger than 
the other, • Thé Water places itfeif and re- 
inairis upon a Ley el in both, provided thefmal- 

^ 1er one be nqt a Capillary Pipe or too fmall. 
For in a Pipe whoi(ç Diameter is a 4:hird of a 
Line, the Water afççndg above the Level j be- 
caiife having a larger Surface in Regard çf its 

^Mals, and beipg better fupported by the Ine- 
qualities, and the alniofl: contiguous Sides of a 
Pipe fo narrow, it adts Icls in Proportion to its 
Height againft the Water of the grear Tube, 
than the Water of the grçat Tube ads a- 
gainftit. 

• The Water of the capillary Pipe muft be a- 
bove the Level, that it may be in Mquilibn^ 
urn with that of the grçat Tube. £bt this ex- 

' traordinaiy .Effeâ: proceeds . from the Smallncfe 
of the Pipe, and not from the capillary Co- 
lumn of the Liqyon 

Proposition Vin. 

ft 

" Finally, liquid Bodies, which flow, paffing 
" from a larger Space into a ftraiter, accelerate 
*' their Motion in the Paflagc. 

' For I. In that Cafe the lateral Pans, which 
meet with fome Impediment in the ftraitened 
Sides of the Chanhelj arc more comprefled bjf 
thoie which follow and inceflàntly overtake 
them; being more comprefled they make the 

7 greater 


iî6 Conversation XX. 

greater Impreffion upon the Parts which flow 
dîrcaly and freely in the narrower Channel j and 
theib finding a free Paifagë, make the lefs Re- 
Mahce to thofè. . 2. In this Situation, hiôrê 
Liquor muft run in equal I'imes iii a lêfà 
Roomj which cannot bfe done without the Ve- 
locity be accelerated. Thus the Water which 
flows under the Arches of a BHdge, runs more 
fwifdy than it did before ih a larger Channel. 
And the Liquor thrown out of a Syringe ac- 
quires in its PaflSige a Velocity of ten Degrees* 
if the PafTage is teh Titnes flraitet than the-ifa- 
ternal Part of the Cylinder; fot à Pifton ten 
Times larger than this Paflage cannot jadvàncc 
an Inch in an Inftant» but ^U the Liquor being 
decuple in Largenefs, muft advance an Inch in 
an Inftantj all this Liquor thruft forward By 
the Pifton cannot advance an Inch in an Inftant, 
unlefs an Inch of Liquor decuple in Largenefs, 
run out in an Inftant by a PaiTage ten Times 
lefs 5 an Inch of Liquor ten Times larger can- 
not run out in an Inftant by aPaflage ten Times 
lefs, if the Liquor do not acquire a Velocity of 
ten Degrees in running out ; fince it is neceflk- 
ry that ten Parts, of the Length of ail Inch, 
and as wide as the Paflage, pafs fucceflively ifl 
an Inftant; which cannot be done, unlefs they 
advance ten Times fwifter than before: In a 
Word, every one has only the tenth Part of â 
divifible Inftant, to pals through whole and 
intire. 


Cart 


! 


On the Gravity of liquid Êodies. 187 

Can you fihd,':/fr^«j, ki thbfe Truths whifch 
1 have been Tpeafcing ol^ the phyficàl Çaufe of 
a very fingular E£fe6i? You fee this. Tube 
ftoppedac one End, near thé other is a move- 
able Key, which (huts and opfens it at Plea- 
fure; fevfiral communicating Tubes cut it kt 
r^bt Angles. - I infert eveiy one of thofe Tubes 
inco the Qrifice of a Hog*s Bladder. ' Over the 
(^ladders I put aii horizontal ^ard , and ovfer 
the Board a Wdght of roco Péunds. . A Child 
blows at feveral .Times' into- the Pipe, Iti ih^ 
lyiiddle ; the. Keiy being turned àt>out, hinders 
the Air from ifTuing outj "while the ChjJd takes 
•irefh Breaxhi» the Bladder aire inflated, and jtlje 
Weight afcends. How <iofe$' the ^Breath àf^a 
Child raife a Weight, which the mofl: robuft 
Man cannot move without a Machine ? 

Ariji. A Stream of Water, which defcends 
by a communicating Tube upon the Liquor 
which fills a Cafk perpendicular to the Hori- 
zon, raifes the fuperior End of the Cafk, even 
when it is loaded with a confiderable Weight; 
becaufe the Excefs of Comprefîîon, and confe- 
quendy of the Spring, which the Stream of 
Water gives the inferior Column, is by it 
communicated to all the Columns, and the 
Excefs of the ComprefBon ads univerfally. 
After the fame Manner the blowing of a Child 
lifts up an extraordinary Weight, becaufe it 
gives the Air, which it diredtly encounters in 
the middle Pipe, an Excefs of Comprefîîon and 
Elâ^fticky, which is communicated univerfal- 
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. lyj as in Liquprs, and Vhich coofequeiitly 
paUês into aU the Pans of the Air in the 
Bladders. In Proportion as the Child blows, 
die internal Air receives fr(Mii a more agitated 
Air, which comes in, a new Excefs of PrelTure 
and Elafticity ; and this Ezceis fiKxxfïïve and 
united under die Weight by the Bladders, rai- 
ies up the Weight more and more, and that 
. fb much the more efiedually, as the Excels of 
' Mais, which is found in the Weight) is le6 
than the Exceis of Velocity which is in the 
Child's blowing. Thus die blowli^ of a Child 
produces a prodigious Ëâèâ. 

Eud. After diis, Aiftus, we may divert our 
ielves a little with the MqtUtibrium of Li- 
quors. 


CONVXR- 
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X]pon Hydrofiatics, or the iEquilibri* 

urn of Liquors :j:. , ; 

w 

Eu J. IPX O you explain the feéfét and reci* 
JL/ procal Âabn of iûj[uid Bodies, and 
I will endeavour tx) explain diat of liqùià an4 
iblid Bodies. We fliall have the Pleafiire o£ 
^ing them counterbalance one another, over- 
come, ]deld, aftend^ deicend, and refti beiiig 
dlways more confiant and faitlbful in obferyiiig! 
êertain Rules, than if the3^ Were énduisd with 
Reaibn. . , 

^^. Whc;nc^er liquid Bodîéé touch one 
another, the Cbmpreffion which proceeds from 
the Gravity, and the Motions of Elafticity and 
Liquidity make them aâ univerfally againft 
one another ; and as they are not free, they aâ 
with all their Force in Order to furmount e- 
very Impediment Are their Forces equal? 
None of them afcends, none of them defcends,* 
none of them prevails, none of them yields, 
by Reafon of the. Equality of oppofite Forces. 
Are they unequal ? The heavieft defcends, be^ 

. % See the Notes on the forgoing Cony bb sat. 
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caufe being protruded more ftroi^Iy toward 
the Center of heavy Bodies, it ought to ap-. 
prq^ph it. Thç lc& weighty afcenosV becauib 
the one cannot defend, unlefs the other afcend 
in Order to make Room for it, and the Ida 
Force ought to yield to ;hç greater. 

Hence, i. All the perpendicular Parts and 
Columns of liquid Bodies endeavour, ;as mqch 
as they can, to elevate one anotl^fr, fince they 
all aâ againfl: one another, every Way, and 
Vf ith ^U their Fqrcp. 

2. The lefe wçig|xty P^ts ^n^ Columns 
>ijght to afcçn^, k^WS Ï^A Fflrce taref^l |hjp 
]nort of the npioj^e yr eighty, which end^your 
to elevate ^emu Accordingly they afeendL 
Sink iilto W^tçr tb^e End of a Syringe, a^ 
aràvv. the Pifton: The W^l^er follows it^ beii» 
thruft by thé next Col^mn^ tqat are heavies 
and uronger. 

3^. You vould % that Liquors of thç feme 
Spjccips aflfcét, tçi be placed on ^ Level : Why ^ 
JoeçaviTç if a^y Part i^ above thi Level, th*t 
b^lpw it bping more compreffed ,^ and çoniè-i 
duçnçty heavier ûmx the lateral. Parts, w^kh 
arc not charged with the ikfpç ^çiglM?* derr 
içends and makes them aicend, tiU; ;h$y are. 9IL 
in -an Mquilibniùm. upon the Level, or a^a. 
Circle whereof all t;hc PîçiijtSi ar^q^uajliy di:^ 
itant from thç Ççntçr of heavy Bocj^s, 

' 4* Liquid Bodjl^ of a different Sp<$çie$) wA . 
of different Gravity, are not placed upon a * 
Lcyels beçaufe, the heavier ought to defcend, 

. ekvate 
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Bubbles of Air afcend i^^pMly Yifl t^ read» 
the Sufface» die Reafon h^ becau:fe Air i!s much 
iighwér thaii Water. 

EMd. I takcj Fi^.É4.. a fitiall Gîafe-Tubé, 
{Pâflô-vkî] which fuftains a fort of Giïp, ^lÀ 
vA^^ Bafe is à fort of PMal of the fame Mat- 
ter; I fiÛ tfeé Phial with red Wine. ' THdn I 
£11 the Oip and Tfebe with Water. You fefe 
a Stream, a Column of Wiilfe, afcei^ddaltnly 
frojtti the Phial into the Cup, while â Columti 
of Water defcends from the Cup into the rhi- 
ai through the Tbbcj until the Wine have ta- 
ken the Place of the Water, and the Water thb 
PladB of the Wine. What is it that determines 
ihofe Liquors to change Place ? 

-r*-j^. The Inequality of the WeigRt. Thb 
Column of Water is heavier^ defeertds arid ele- 
vates the Column of Wine. 

Êud. But Why iè no Mîtttit-e niadé of thofe 
two Liquors in the Tube, as happens when 
I pour Water inSniediately upon Wine, or 
Wine Upon Water in a Glafs ? 
- Ar^. The Water being turned over at 
firft into the Cup, and defcending upon the 
Wine through a very narrow Tube, de- 
fcends gently, or elfe covering all the fmall 
Surface of the Wîhè almoft at the fame 
Titae, It does not find Accefi into it, till af- 
ter having loft mych of its Velocity acqui- 
red in its Fall. Hence the two Columns 
of Wine and Water are quiet befide one 

• U 2 another : 
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another: In this Sitoacipt) th^kBtrtSscwfacia! 
Agitation is very moderate» are. much ^oMpref- 
fed, and have npt lybtipn or Force enough to 
divide one another» to penetrate, ,to infimiate 
thenpCçlyes^ and to.be intangled m ii^ne an- 
other's Interftices j andj in a Word, m be mix- 
ed, with one another. But the Watejf which 
I poqr upon Wine, or the Wine which J pour 
upon Water in a Gkfs> acquires in , it3 ;FalJ, 
beiiyg. iqore free and: upon a largeur Sqri&ce, 
Motion and Force enough, to invade the Par- 
ticles of Wine, difhirb ûitvc ^quiUbnim^ dif- 
fiife itfclf.into their Pores, or to receive them 
into its own, and be inungled with them 
without being able to difengage itself, after ha« 
ving loft much of its Force by Frîâion. And 
this is. what cauies the Mixture of Wine and 
.Water in a Qlafs, although Water be more 
weighty. 

In a. Word, pour Water immediately into 
the Glais, put a light Slice of Bread upon the 
Water, and then let Wine flow gently upon 
the Bread : The Wine, which would be mi;£ed, 
if poured on as they commonly pour it, dif- 
fufes itfelfupon the Water, without defceiiding 
or being mixed. Why ? Becaufe in falling up- 
on the Bread, and being filtred through its 
Pores, it lofes much of the Force which it had 
acquired in its Fall; and, having at laft no 
more than the Force of Gravity to mix and 
defcend, it cannot make itfelf in the Water, 
being, heavier, free Paffages in Order to mix 
\/ with 
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\ç^îth ît; «nd /'deceive the Eyes rather than the 
TâflèLj 'by communicating its Colour to the 
Water. Here are fon^ Traces of thçtautpâl 
Àaîoi 6f liquid Bodies. llVhat ^ulcé do fdlid 
Bodies t)bferve, which meafurç their Force im-' 
mediately with liquid Bodies ?' ,^^, . ; - [ 

- Eud. The Bulks being' fuppofed equal, stjfo^ 
lid Bod;^ weighs more," iefs, or equally J]> 
Rule li Does k weigh more? It finks whoHyr 
Rule 2. Does it weigh lefe? It fwims upper- 
moft* Rule 3. Does it weigh equally? It fwrais 
and reniains iufpended in the Liquid. 

I. Does it weigh more? It defcehds and 
finks^ wholly. For being heavier, it ought to' 
approadx nearer to the Center of heavy Bodies, 
It cannot dç that without elevating above it the 
lighter Bulkj which by its Weight and Liqui- 
dity ought* to be difFufed over it; Therefore ic 
defcend^ and finks entirely. 

How fhould it not fink after that Manner ^ 
Being more weighty, it is ftronger; being 

ftronger,' it ought to elevate the Bulk that 15 

.... • • • • 

|[ In all homogdneoilfl and equal Bodief» the Denfities*' are as 
t}ie Weighta^ in unequal Bodies of thf ian>ç Weight, thjsD^r 
ties are inverfely as thé Bulks ; if tKcrcfore both the Wcighti and 
the Bulks dificr, the Ratio of the Densities \» cempotmdêd of the ' 
direâ Ratio of the Weights, a^ the inyerf<^ Ma^ pf the Bi#s ; 
and thereforç dividing the fFeigbts by the B^tà/is^. yçu bave, the^ 
Denjîties, that is^ pu' will have ^^umbcn that arc (o each other ' 
aA thofc D^nfities. ' , - \ ' ?' 

The Weight of all Bodies may be*OQinpluiedi by^ Means of t]ie, 
Balance ; t^ie Bulks are found by immerging- Bodies in thejame Li- 
quidi fir the Weighù fohich they /o/e, are as their Bulks, : Fîdâ. ' 
G«^y^açi4«|'« Elem. Yol. Lp. iS9*^f: i r • 
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lighter, and conic^^dy we^k^. 4 %Stior 
Force, ^sboncver. it is. necei&ry, is ajfva;^ vie 
^oiijious; Therefore, j^^, . / 

In a Word, l^eicg riu>rQ weighty k {Hreâès 
^ înibrbt: Parts th^ o^ora Thofe Pacte bo- • 
ing more prefTed^ preis the lateral Pa,rtç inof:e« 
T^kefe heii^ more qoçiprei^ aicqnd^ finpe they 
«ndeavpur to extend themfelycB evcsy Way^^ . 
and find lefs Refiilanpe above th^ (blid^ody^ 
àïW^ySjrjèady to yield it^ Place to them, bi 
pending thqy baye t\^ Place iiUed up ^aia 
Sy the Parts which the iblid Body puw«Si im* 
ipediatelyi theiê do npt leave thejur Place but 
cqly to give it to thefolid Body, lihufra fo- 
lid Çpdy that ^;^@^^.more, whQlly û^ and 
dçfçeqd^. 

2p Pqes.it weigh Içfe ? It floats above.. Be- 
iogJefs weighty, and by thatMeaqSflf/tàjftfPCigi^ 
ît ought lefs to appr€)ach the Center, of hear 
vy Bodies, and to be. elevated by giving Place 
to thg heavier Qulk, which is confequeotly the 
llroggef ;. the Ic^S' Force always yields : There^ 
fore it floats atop. Nevertheleis in floating a- 
tlQve iit does not ceafeifinking to a. certain P^nt, 
iincc being heavier thaa.the Air, it preflfes the 
Sbt-^^ of the Liquqr mprc. I 

; 3^ Does it weigh equally ? It floata^ and re- ^ 

tnaihs fufpended in the liquid Body. J^ing e^ 
qîjaliy heavy, and thereby equally iftrong; 
whenever it is placed in the Boiom of the Li-. 
qul^, it can neither defcend nor afcend, fino^ 
it call neither overcome not yield Equal Pow^ 

crs 
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ffs: ère neither vai^iiSihftà, hàè vlftofioùV^ 
thcrefbirey @r. 

Hérite, i. Ji* fofid Body iMcti ^6u fôftaîni 
weighs IcTs i;frith Refpeét tô ybu,' ôt fofe pt îih 
rëlacive Weight în Liquors^ prc^mohafiy âè 
ûïéy are more or le& Weighty. 
. Theyfuïbîftitînf^j^oporcibhtp 
and ydu have not that to fbftaîh virhSch di)^ 
fufbin. A Ma Body which you {vdtà^ id 
Water, does ft Wëj^ ten Pounds in Ôie Jut ? 
You oni^^ cblplôf a Force of eight Ppubdfe i6 
order tb foppOff it, it an equal Bulfe of Wate^ 
^eigh two Pbttndls ; becaufe it fup^ôrtsr ^é 
Wei^t of twï) Pounds. Let us foppolctv^o 
, Pounc^ in Mquilibrid in a Bakhce. ^ Let die 
Balance defcend : If oat of thé two Pounds dé- 
icend' into die Water, it lofes immediately^ of 
its Weî^ti with Réfpeâ to thç oaifei', in Pro-' 
pornôn to thé Weight of the Water : THete is 
ay more MqUilihrium^ and the other outweigfis. 
In (Hbrt, tiead we^hs lefs by a tcnth^ Part in 
xht Seine. 

2. A Iblid Body, which fwims, finks pro- 
pordonally afe there is w theXiquor a great- 
er or lefs Excefs of Gravity, The Liquor-Ba- 
lance or AïéôiBeKr, Fig. 2^5. (it is a fort of 
fmâllGlafsPKîkïwîdi a long Nedk, fcaled'and' 
cbfed hermetically; fuir of Air, and fikvihg a 

licdb iViérçtiry ift thé: Bottom). T*he Xiquôf- 
BalknCe, I fey, is fiirtk more or lefs in différent.^ 
Liquors V more iftlV^lne than; ih' Water ; and' 
more in* èéfh^ V^et, thin, inr Salt Water. 

U4 Why? 


/ 
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.Why? ^. The Liquor-Baknce fwîms abav^ 
ibecauie ic cannot defcend and (ink wbolly, un- 
leis the Bulk compounded of Air, Mercury 
îand C^lafs be wholly funk; and dns Bulk canv 
fipt t>e wholly funk. The Mercury and 01a&^ 
each in particular^ are, heavier "than the Li-^ 

?^r; but the ^hple Bvijfi;, by Reàfôn of the 
Ixcefs of Levity which ifi^.i» the .Air that it 
contain^ weighs lefs than an eqtial Bulk of Li-* i 
quqn z. The Liquor-B^dance ûnks more in I 
Wine than in frefh Wateç, and in frefli Water 
than^ ki Salt. Ypu fee thie Re^bn of it ; be- 
çauic Wine weighs* lefs than frefli Water, and 
freih* Water lefe than Salt Water. . The Salts^ 
fceing more fplid thap pure Water, give a 
greater Gravity to the Salt Water. 

^iji. Your LiquQr-Balancç makê$ me com- 
prehend why fuch a Veilel, which |(kils fafeljr 
upon thp Sea from one End of the World to ; 

the othcr^ wov?l4 fii^k gently to the Bottom in 
the frcfli Waters of a River or Lake. The 
Reafon is, becaiife the Salt Water of the Sea 
being much heavier than the frefh Waters of a 
L^ke or Rivçr^ can fuppprt a i^ych greater* 
.Weight, 

. Eu4^ î^evefthelefs pnç may make the moft ' 
folid Bodies, Stones, Brafs, and Gold irfelf, to 
iloat upon the frefli Water of a River, Make 
{^Bridge of Stones as long as you plçafe; let ' 
fljis Bridge have for Pillars onjy moveable Boats, 
wjhich, \vithout being able to move forward. 
9{ backward^ may ^çfçcni or îifçgpd, in Prçm 

" . \ portiqa 
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pOFti(^ as the Water afcends or defbends, likç 
the Bridgç of Rohan ; this Bridge of Stonès^^ 
being loaded with Animals, Men, and Côaçh-^ 
es, will not ceafe to float above 5 becaufë the 
Bulk of Stones, Men, CoacheSj Bdats, and Aît; 
contained in the^Boats, will be more light, bjr^ 
Reafon of the Levity of the Air, than an cquaf 
Bulk of Water. By the famfe Reafon, covec 
the Breadth of a River wkh Boats of Brais, oç^ 
Gold, if you will 5 a whole ' A#my may 'pafe 
ever, without the ^f$ pr Gold cçafihg to; 
• fwim. / 

jù^Jf. Your Opinion, Eudo^us, appears na-f . 
tural; but one Thing which occurs to my 
Mind, ha; ^Tendency to deilroy it. A Nee- 
dle of Steel, placed gently and hQri2K>xitaI- 
If iipoii the Surface of Water, fwims. J 
think it ought to iink intirely. It has ndtfaer 
the Form .of a Boat, nor ' the Levity of the 
Air, to fuftain it; and Steel is heavier than 
Water. 

Eud. The Levity of the Air, and the Form 
of a Boat, with the Vifcofity of the Surface of 
the Water, produce this Effedt ftill. How is 
it produced ? The Air is ipore eafily attaehed 
to the Needle than the Water is, for the Nee^ 
die is not çafily wetted ; the W^ter runs over 
it^ without finding any Hold on it. This be* 
ing granted ; upon the vifcous Surface of the 
water, whofe Vifcofity renders the Parts morç 
4ifficult to feparate, the Weight of the Needle 
witl^ the Ai^^ which fyrrounds it, lays hold on 
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it, and condiiually eHVelop» it, mafce& a fckt of 
Cavkf *$ ÎA which tbf Needk is comaiijeda^ in 
afmallBoat. The Bulkconaffk^doftheiii^ 
i(ifcou8 Boat, Needle and Aif ^ is tighter than 
an equal Bulk of Water i though (be Needle i* 
loae be heavier than aa eqyoïâ BuUc-^f tius Li^ 
q[]Uior. The Needle ought thcfe&ltc to- fwini 
much after die faime Mafiner as tf Boat xX 
^v»(sy or as a Bea!â!i fwiiàsi becaùfe ofi dbo 
4ix^ which it contdns in itS;Pore8i 
- jù-ifi. In fliort, Wict die Needle firft : Thcte^ 
by fbu detach from it a Quantity of Parncloè^ 
of Air, and fill up many infenfible Pdre^ o^ its 
Surface with Particles of Watery thç Excefs oft 
Cxayity finks it^ and makes it dàSkj^pné to the 

Eyew^',^ v.- 

T Êu4. But' the Wockli whîch^at firft fwîma^ 
aSqvf as the Needle of Steel , is at laft wholly 
fiiiik;.: Whence does^ this Viciflitti4e of Gca«-' 
vity-andLevity proceed? 

* Thfe is owmg to Repulfiott^ of whidi w« hai^ ferther In- 
ft^tes between Water and Oil, and generally between W^ater and 
aOOnftuous* Bodies; between Mercury snd'Iron} as sdfo betweeà 
tljeFwticlei of ahyDuft. ^. . 

, If any greafcd Body, lighter than Water, ^is laid upoQ the Sur- 
fafe^f'watçr, or Piece of Iron u^û' Mercury Z thé Surface of the 
FhâdT^ilt be'deprelTed about the Bb^es laid upon it. AxA ^ 
where Jttra^ion- obtains, the Sui&ceof the Liquor if highera« 
bout the.floating Bodies, and does not run to ft Level by its Gra- 
vit^; bût here where the r^>ellent Force exertèîts*' A6tiott, Liv 
qiK^ hotwithftanding their GraviQr, do not ranxlowà-to &1 up 
the Cavities which are made round the floating Bodie$. ^ee Con-; 
vTERSAT, IX and XIV. Vol. I. zxA'Grat/eJahde^s £lem. VoL ll 
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4r^. Wit)i th9 A\v wbidb if con^ns at firft 
k makes. ^ l^or 6olk> and h fwiins. Wkh 
j^W^F whk^ pcoçcrates it, and at length 
takeç the Place ^ ^ Air which k forced to 
iffiieottt^ itmake^t^n heavier Bulk» and finks 
i«iiefy. You are going to inak« me comprc- 
hftpd, oc^ dowbt, a: Thipg^ difficult to he €©». 
ccii^ed. Throw into cold Water, a Ball of 
Wax, and it fwims. Warm the Water, and 
^ BaH finks ; incrtpafe die Ho«t^ and die Bali 
afç€Bd$ agaip. , 

gud. i.ThftBall of Wax floatsat^firA, be*- 
çav^eit weighd/lfe^ than cold Water. 2; A£^* 
^rvfiurd the B^ finks, beeaoife if woighf more 
ilian: an eqwd Bulk of Water rare^iâ by tin 
Heai; 3. The Ball aicendis again ac lafi^ b^ 
ca^ife being at laft rarefied icTelf by the ExceSst 
of Brat, which penf traces and' dilates the Mr 
thsît it Contain^, it beoomes^ I^^iter than an e^^ 
quabB^k of Water. You, may find die Exv- 
pHcation of a contraiy. Bffeik ftom the fanier 
Principles. A Carca6 defers immediately ia 
Watery after that: it; reaTcef^s», odA then fink^^ 
again as of it&lf 

jîréfik I. The Carcafs dB&eet^ at firft in dw 
Water:, becauai it is heavier. 2w It rea&eods» 
hiscauiè the Fibfes; being relived for Want of. 
Nourîâbment, or by the Aâion of the iniènfi»» 
Uc Parts of the Water, the internal Adr is fct 
at liiherty^ is extembd» and enlarges tbbBulfc. 
of.tl^^Bààf'y and the Body having more Bnlfc,. 
idi Regard ci its Mafej, braomesv at lafi: lighter: 

^ than 
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than an ^ equal- Volume of \Vafcr. 3 . It finks 
figain^ bedaUfe the fblid JParts from which tho 
Ak ii gone forth, approach one another, and 
make the Body heàyîcr and naorfe cômpa£t: 

'J^d. But flnce there is ftiore Weight iii an 
human Body than in an eqUftl Bulk of Water^ 
how do thofe fwim above '• who bathe them-^ 
ïdvcs ? How do diey pafsf over Rivers by fwinw 

ining? /' " ' '" '"''-' - ." '' " 

^rijl. ' I i Being extended thetr whole ILength 
upon the Surface of the Water, thçy cannot* 
fink'unlefs an equal Volume of Water open and 
give Placed at once. But the N^fetcr opens ancJ 
gives Way with fo much the more DiffiCuttyp 
as a longer, larger and deeper Extenfion ought 
to open and' giv6 Place at once: For it timik 
open and give' Way with fo much the more Ce- 
lerity; and the Reiftance of a Body anfwers ta 
die Velocity mck^Ary to move it. 2. The Air 
which they rehire, being much lighter than 
Water; diminifhes their relative Weight. 3. 
They- compvefs the Water not only by their 
abfbiute Gravity, but likewife by the Motion 
of their Bodies ; and the more diey comprefs 
die Water, the greater Effi>rt it makes to iii- 
f^ajn them. In âne, by the^ Motion of the 
Arms and Feet they raife up the lateral Water 5 
thé adjacent Cdumns of Water are thereby 
longer; being longer they weigh more, fincé 
chey all weigh in Proportion to their Height. 
This> I think according to your Principles, ia 
the Rçafon why we keep on the Surface when 

w« 
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We badbe: Neverthtlefs I would hot attempt^co 
fwim over the Seine upon the Force of this 
Hcaibning. 

Eud. Motion hînderà from finking » and 
makes the Diver afcend again from the Bottoni 
of the Sea upon the Surface of the Water. 1$ 
he in zn Mquilibrium at the Bottom of j^ 
Sea? Let him ftrikeube Earth . with his Foot^ 
endeavouring to fpring up to the Top. Thft 
perpendicular Motion which he acquires in 
this Effort din^iniihi£9 his relative Gravity» and 
.béiitg ièconded by the lateral Cohimn^ he raiies 
himfclf above the Surface of tiie Water. AU 
Motions diminifli rçlativç Gravity, excepting 
the direâ Motion towara the Center of heavy 
j^odies: Hence .you fee Dregs and Sugar, when 
agitated, afcend in Liquor, and Puft rife up 
in the Air and darken the Sky. 

Ariji. You would make one believe that if 
a Philofopher, who had no Skill in fwimming,. 
and whom fome Mifchance fhould have preçi« 
pitated ;iùto the Bottom of a River, had Pre- 
iënce of Mind enough to flrike. the j^arth with 
his. Foot, and fpring up to the Surface, he. 
might fee the Bank; then being again precipi-n 
fated by his own Weight, he might go along 
upon the Ground toward the Bank* Should; 
he want to breathe, he might return and breathe 
above the Surface of the Water. When his 
Weight had again dragged him down to the 
Bottom, he niight creep along as before , at 
lafl gain the Bank of the River, and efcape 

I Danger 
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Danger by the Favour of his cool Blood atid 
his Philosophy, 

Eud. This he might do withoat bettig a 
great Philofopher. Some Time ago I faw a 
IMbn, who without imowing ^e Mquilibriutti 
of Liquors, finding himfelf unha|^ily plunged 
into the Middle of a large and deep River, 
reached the &ank by creeping along under Wa- 
ters while fiveof fixPerfons^ whom a Shallop 
that was ovedet had thrown into the Water, 
were drowned in the fame Place. 

Arifié Water which iuâbcates us gives Lifç. 
to Fifh that are deftined to yield us Nourilb- 
ment. But how doFifli fwim? How da they 
remain fufpended and imitiovable ? How do 
they afcend and defcend vtiùi io much Liberty 
in the Water ? 

Eud. Fifh have in their Bodies a fort of 
Bladder full of Air. In cbntraâing it they con^ 
traâ the Body, and have more rdative Gravi- 
ty. By that Means at one Time they weigh as 
much as an equal Bulk of Wat^r, and are im*« 
movable, or (vftxa in the Water without df^^ 
icending or aicending : At other Times thirr 
weigh more and defcend: Agàin^ diey we^ 
lea and afcend. The EâTorts which they make 
in turning and winding, by beating the Water 
as a Point of Sufpcrifion with the Tail, fecovids 
their Viciffitudes of Gravity and Levity. I 
have made the Fifh fwim ; do you make the 
Birds fly. 

4. 

' Arijl. 


upon Hydroftatks. 303 

Ariji. It IS eafie to do that upon your Prîh- 
cjpks, after what has been uid. Birds of 
thcmfclves have more Gravity than an equal 
Voiuirie ^Airj the Partridge being mortally 
pounded by the Fowler's Shot, falls whenever 
ihe can fly no more. But this £xx:efs of Gra- 
vity is compenfated ieveral Ways. 

I. Birds which fly, dilate their Breafl:, ex- 
tend their Wings^ acquire a larg^ Bulk; and 
by dbat Means their relative Gravity is dijiu- 
nifhed. * % 

%. Having a larger Bulk they divide the infe-' 
Tior Air with rnore Difficulty, becaufe they mull 
communicate to it a greater Velocity, and drive 
it ^rther in the fame Time to divide it; and 
becaufei It r^M^ ia much the more, the great* 
er Velocity it requires in Order to its yielding. 

3. The more they rapidly beat the inferior 
Air with their Wings, the greater Refiftance 
they find from it; for it requires a greater Ve* 
locity to yield to the reiterated Strokes. The 
Air being beat with fp brijfk and quick a 
Strol^e, that it has not Time to retreat, be- 
comes a fixed Point for the Flight of Birds» 
By beating the Air with tbeîr Wings, as the 
Fifh do the Water with the Tail, or the Di- 
ver the Earth with his Foot ; they give thcm- 
ftlves a Motion either to afcend or go forward. 
The inferior Air being compreflfed, féconds this 
Motion, as Water being puihed by the Oar be- 
hind the^ Shallop, fecbnds the Effort of the 
Rower ; and as long as this Impreffion lafts, 

you 
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you fee Birds fly and hover ii> the Airi remaiii 
fufpended^ afcend and defcend, nduch after the 
fame Manner as Pifli do in the Water. 
" End. When one underftands the Flight ëf 
iBirds, one may ëafily comprehend the floating 
Iflands. 

^iji. Thefe arc Tiflues of Roots and Herbs 
mixed with a little Fuller's Earth i diey arc 
^Mafles compofed of Fuller's Earth and Roots 
lightbr than Water, which with the Earth and 
'Air contained in diem, form a Bulk lighter 
than an equal one of Water : This Excefs of 
Xightnèfs makes them float} and thefe are your 
floating Iflands. 

Eud. Before we finifli this Çonverfatiôn» let 
me have the I^leafure of perplexing you. Leâ 
Water is required to fljfl:ain a floating Ifland^ or 
a Veflel in a narrow Place, than in one that is 
large ahd fpaciouS. 

j^riji. In a very large and fpaciouà Place thtt 
Water is fprcad more abroad, and rifes to a 
left Height j but in a more contràâed Place the 
Water is fpread lefs abroad, and rifes highen 
Now the Water weighs, counterbalances and 
fuftains the floating Ifland or Veflel precifely in 
Proportion to its Height (by your feventh Pro- 
pofltion of our lafl: Converfation); Hence the 
narrower a Haven is, the lefs Depth is required, 
in the Water. 

Eud. But to conclude, what Method would 
you take to defcend into the Bottom of the Sea 

in 
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in a -great Volume of Air, and to carry jFirë 
with you, without its being extinguiihed? 

Arijl. I would place my felf upon a Plank in 
a Bell which fhould be made to defcend per- 
♦ pendicularly into the Water, with the Mouth 
downward. The Bell , by Reafon of its Fi- 
gure,' having the Parts fupported by oijç an- 
other, would fuftain the Weight of thb 
Watery the internal Air, which would find 
no Vent to iflue out atj would hinder the Wa- 
ter from entering very far by the Orifice, to 
wet rne^ and to extinguifli the Fire. 

End. It is a fingular Contrivance, which 
has been luckily made Ufe of to bring up 
from the Sea ibme Millions of Pieces of 
Eight after a Shipwreck, Fig, 26. They fuf- 
pended upon the Middle of a Crofs-Tree (bb)i 
' which was fupported upon two large Boats (a a)y 
a Bell of Wood, from 13 to 14 Foot high, and 
nine Foot wide. It was encompafîed with Iron 
Hoops {ddddjv the Hoop at the Brim (ee) 
had feveral Iron Rings, to which were faften- 
ed as many Bullets (ffffff) to render the 
Bulk weightier than an equal Volume of Wa- 
ter, notwithftanding the Levity of the internal 
Air. A Man (g) was feated m the middle of 
the Bell. H« held a fmall Cord (h) to ring a 
little Bell, when he had defcended low enough, 
or was willing to afcend again. The little Bell 
(i) was fattened to the Crofs-Tree. The Man 
being defcended, gathered up the Piaftersj 
and went from Time to Time to breathe 
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under the Bell. When the Air was heated too 
much, he rung the little Bell. Then by Means 
of a Cable (k), they drew him up again with 
the Bell and Piafters. 

This Faâ was learned from one who had 
been an Eye-Witneis of it ■=. 

You at firft, Arijîus, laid down what re- 
gards liquid Bodies in general} and when one 
comprehends the Mquilibrium of Liquors, one 
may cafily difcover the Properties of the Air. 
Wc have already difcovcred its Elafticityj let 
us endeavour to difcover its Gravity j let us 
meditate upon thdè two Properties, caqh apart j 
then uniting our Lights we {hall find an almoft 
univerfal Agent in the Air, which is fo licde 
minded i and fhall observe in its Gravity and £- 
iafticity the Principles of a Thoufand Eflèâs, 
which are looked upon as fo many Miracles 
in Nature. 

• Journ. deaSov, 1673. p. rj?. ^Jeril. ; 
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Upon the Gravity of the Air y and its 

EfeEh. 

adrift. XT' OU will have it lhen> EudoxuSy 
\ that the Air weighs, however im- 
perceptible and fine it be; and that we have 
the Weight of the Atmofphere to fuftain, with- 
out our perceiving it * ? 

Eud. A Body, which affords fome Hold to 
the Strokes of the fubtiie Matter which is the 
Caufe of Gravity in Bodies, is ponderous. But 

i:he Air affords fbme Hold to the Strokes of the 

• 

* The Air is corporeal, keavyy its Parts ^ield to iny Forcé 
impreflèd, and are very eafi]y moved amongfl one another; it 
prdfes in Proportion to ità Height, and the Preffure every way 
is equal : It is plain therefore that it ought to be reckoned amongft 
fluids, 

Def. I. All the Air which the Earth is encemfajfed with^ con- 
fidered together^ is called the Atiiofphete of the Earth, orfimply^ 
the Atmofphere. 

Dcï, II. The Height of the Air abov^ the Surface of the Earth 
is called the Height of the Atmofphere. 

^ that the Air ii a Body appears from its excluding all other Bo- 
dies from the Place where it is. 

That it yields to any ImpreJJtofi, and has its Parts eâfily moved, 
is not doubted by any one. 

That it is heavy is proved by its prcffing upon the Surfaces of 
ether Fluids, and fulbining them in Tubes. 

X 2 fubtiie 
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fubtile Matter, fin ce it is groffer, as we have 
obferved in the Air Pump*: Therefore the 
Air pondérâtes. 

In (hort, a Body which with another Body 
makes an heavier Volume, pondérâtes. Now 
the Air • is a Body, which with another Body 
makes an heavier Volume j a Veffel full of Air 
has more Gravity than vvrhen it is empty of 
Air. M Homherg .putrnptd out the Air from 
a fort of ^lafs-Ball, whofe Diameter was 13 
Jnches j and the Ball was lighter by ah Ounce 
than before^. Another T^ime, after having 
pumped out the Air from a Ball of 20 Inches 
-Diameter, he found it at leaft two Ounces 
lighter «. Therefore the Air is weigjity. 

Ariftotle was fenfible of thi$, DTruih, but 
made Uttle Ufe of it, and it feemcd to be 
ficlipfcd till the Time of I'oriceUius^ vvhodif- 
covered.and rendered it. intelligible to Father 
Mercenne^ a famous Monk. Father Mercenne 
imparted it to M. PaJcbàL Guerkky the fa- 
mous Conful 0Ï Magdebourg^ and Boyle^ a learn- 
ed Englijhman , have demonftratcd it by very 
curious Experiments. 

Arifl. It feems at firft Sight, that if the Air 
pondérâtes, we ought to be overwhelmed un- 
der the Weight of the Atmofphere. But vre 
fet there is nothing to be feared on that Side. 
A Weight is not felt but when it caufes feme 
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Change 


r 


• . s ' 




/, .3of 


On the Gravity of the A^r^ Sec. 309 

Change in the Organs of the Senfes, as you 
have made me obferve: The Weight of the 
Air caufes no fuch Thing, fince the Air en- 
compaffes the whole Cody, and preffes it equal- 
ly on all SideS) both within and without. 

Eud. Are you willing, Ariftus^ that I fhould 

{)refènt you with divers Fafts which particu- 
arly rcfpedt the Gravity of the Air r You will 
explain them with your ufual Pénétra tion,.5nd 
your Explication will give fome Light to the 
Truth. 

I pour Mercury into a Veflel^ then I fill 
with Mercury this Glafs-Tube of 36 Inches, 
clofed up at one End with a Hog's Bladder. 
I ftop the other End with my Finger, and 
plunge it into the Mercury in the Veflel ; I 
remove my Finger: The Mercury of the Tube 
defcends, and after fome Ballancings, " flops at 
27 or 28 Inches, or thereabouts (a)^ Fig. 27. 

-Ariji. I fee at once the Reafon of it upon 
your Principles. The Mercury defcends at 
firft, being impelled by the Gravity. While it 
defcends , the accelerated Motion of its Fall 
makes it prevail over the Column of external 
Air, which counterbaliances it; it is carried 
below the Point of equilibrium. But the 
Column of Air being comprefled, makes its 
fpring to play; and prevailing in its Turn; it 
carries it back above the Point of Mquilibrium. 
Thefe alternate VidtoVies are repeated till the 
Excefs of Force is loft: Hence the Ballancings 
or Vibrations, which precede the Mquilibrium. 

X3 Is 


3J0 Conversation XXII. 

Is the Excefs of Force loft both on the one 
Side and the other? The Mercury is ftopt, 
bccaufe it is in a perfeft equilibrium with the 
Column of Air, which counterballances it; and 
as the Air ought to be fometimes more, fome- 
times lefs weighty, in Proportion as it is more 
or lefs charged with Vapours, or more or lefs 
comprefled by the Wind, the Point of Mquili- 
brium is fometimes higher, fometimes lower. 
Hence Mercury, always obedient to the Laws! 
of Mquilibrium^ reft s without any capricious 
Humour, fometimes at 27, fometimes at 2$ 
Inches, or thereabouts. 

End. Make the Experiment in a lower Place, 
the Mercury defcends lefs. Make it in an 
higher Place, the Mercury defcends more. 
M. du Terrier made it near Clermont in An- 
vergne^ at the Defire of M. Pafcbah At the 
Foot of Pier dome ^ the Mercury defcendcd to 
26 Inches three Lines and an half. Upon the 
Brow of the Hill, 150 Fathoms higher, to 25 
Inches, toward the Top, ^00 Fathoms higher, 
to 23 Inches two Lines 8. 

Ariji. The lower the Place is, the higher is 
the Column of Air which fuftains the Mercu- 
ry; the higher it is, it pondérâtes the more, 
fincc Liquids ponderate, as you have made it 
appear^, in Proportion to their Height; the 
more the Column of Air pondérâtes, the more 

^ A Mountain near that Towti. f Mariote de là Nature 
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it fuftains the Mercury ; the more it fuftains ir, 
the lefs it ought to defcend, and the lefs it does 
defcend. By a contrary Reafbn, the more ele- 
vated a Place is, the (horter is the Column of 
• Air ', the . fhorter it is, the lefs it pondérâtes ; 
the lefs it pondérâtes, the lefs it fupports the 
Mercury ; the lefs it fupports the Mercury, the 
more it ought to defcend, and the more it 
does defcend. 

Eu J. But in my Clofet the Column' of Air 
is (horter, by Reafon of the Cieling, than thofe 
of the Palace of the Sorbonne^ or the Tuille^ 
ries. Is the Mercury lower upon that Ac- 
count ? You fee it almoft at 28 Inches. 

^ri/l. I have not forgot what you demon- 
ftra,ted î, that in Liquids the Aâioii of Gravity 
is difFufed every Way. In aVeffel made in 
the Form of a Cane, a lateral Column, altho' 
it be {horter than that of the Middle, does not 
ponderate lefs upon the- Bottom; becaufe thofe 
of the Middle prefs it as much, as they are 
prefled themfelves immediately by the Caufe 
of Gravity, After the fame Manner in your 
Clofet, the Column of Air, altho' it be (horter 
than thofe without, pondérâtes no lefs upon 
the Mercury of the VefTel ; becaufe thefe prefs 
it as much as they are immediately pre(ied 
themfelves by the Caufe of Gravity. Now, 
when the fame Force externally pre(Ics the 
Mercury in the Veffel, that of the Tube 

X 4 OfUght 
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pught to remain in the fame Elevation, fince 
it cannot defcend without railing up the Mer-^ 
cury in the Veflel fixed by the fame Force. 

End. 1 fuppofe that the Air of my Clofet 
has no Communication with the Air without. 
Ought the Mercury to defcend ? 

Arijl. The Mercury of the Tube cannot de- 
fcend without elevating that of the VefTel; it 
cannot elevate it without compreffing the Air 
of your Clofet ; It cannot comprefs it without 
ponderating more than the Air without ; fince 
the Air of your Qofet retains the Preflure 
which it received from the Weight of the At- 
mofphere, But tKe Mercury in the Tube can- 
not ponderate more than the Air without; 
they are in Mquilibrium : Therefore the Mer- 
cury ought not to defcend / , 

End. But if the fmall Column of Air con- 
tained in my Clofet, ought to fupport this Mer^ 
cqry; why does My Hand, which holds the 
Tube, feel the Weight of the Mercury ? 

Arijl. The Hand does not feel the Weight 
pfthe Mercury. 

Eud. It feels an equal, or almoft equal 
Weight. 

Arijî. This equal, or almoft equal Weight 
is the Weight of the Column which deicends 
ppoh the Tube perpendicularly, and which be-r 
ing no longer Supported by the adjacent Co- 
lumn, employed in fuftaining the Mercury of 
the Tube itfelf, pondérâtes upon the Tube with 
all its Force, and confequently makes the 
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Hand, which fuftains it, feel a Weight ^qual 
to the Weight of the internal Quickfilver^ 
0nce It poncfcrates as much as the neighbour- 
ing Column, which is m Mquilibrio with the 
Mercury. 

Eud. The Mercury, according to the Ol>i 

fervation of M. Amontons^ remains fometimcs 

unequally fufpended in equal Tubes \ in Tubes 

bf different Glafs, and much lower in an Iron 

' Tubei^. ^ 

Arift. The Inequality of the Pores muft 
give Accefs to fome. Matter more briefs fub- 
tile, and unequally ponderous into the Tubes» 

Eud. However that be, without having any 
other Intereft in View but that of Truth itfelF> 
let us go about t» weigh the Air. Let uà 
weigh the Column which defcends upon this 
Tube, Fig. 28. I take off one of the Scales 
of the Balance. Upon the Beam, from which 
I have loofed it, I fufpend the Tube (a)^ which 
always contains the fame Quantity of Mercu* 
ry. In the other Scale, whofe Weight equals 
that of the Tube alone, I put the Weight (b) 
of one Pound. That is the We^ht- of the 
Mercury contained in the Tube. I fuftain the 
Balance by the Middle (c). . Every Thing re- 
mains in a perfeft Mquilibrium ; the Weight 
of one Pound does not elevate the Tube, which 
can be retained only by the Weight of the Co- 
lumn of Air (dj^ which defcends upon the 

k Mem. de rAwd. 1705. Trcv. 1712.. p. 1408. 
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upper End of the Tube. How much docs it 
weigh ? 

Arijl. It weighs one Pound. For it weighs 
as much, as the Column which falls upon the 
Mercury of the Veffel : There is no other Dif- 
ference but the Height of the Tubç. Now 
the Column, which falls upon the! Mercury of 
the Veffel, weighs one Pound, fince it fuftains 
one Pound of Mercury in the Tube : Therefore 
the fuperior Column weighs one Pound. In 
ihort, it hinders a Pound Weight, which is on 
the other Side in the Scale of the Balance, from 
preponderating- 

Eud. I bore the Bladder (e)^ which clofes up 
the Tube, with a Pin. I draw back the Pin. 
There is no more Mercury in the Tube ; it is 
«11 funk into the inferior Veffel already. 

Arijl. AColumnofAir of one Pound, which 
enters through the little Hole of the Bladder, 
with one Pound of Mercury, has made.a great- 
er Weight than that of the external Column, 
which filftained the one Pound of Mercury by 
defcending upon the Mercury in the Veffel. 
The greater Force ought to prevail, raife up 
the weaker, and defcend. AH the Mercury 
has obferved the Laws of Nature s and here it 
is in the Veffel. 

Eud. Let us filLwith this Mercury another 
Glafs-Tube, one End of which is clofed up 
without Vent. I invert it There is the Mer- 
cury fufpended as in the firft. I lift up the 
lower End as far as the Surface of the Mercu- 
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ry, which floats in theVelTel; à>)my Clouds 
falls from the Tube, You fee the rtç the At- 
up rapidly as far as the upper End, wi^ when 
fometimes broke by fo fudden a vMotion.^>Pray, 

jirijî. Whenever a Drop of Mercury roriy re 
out of the Tube, the Mquilibrium ceafes. Tlù^ 
Air, becoming viftorious all at once, gives a 
fudden Impreflion to the reft of the Mercury, 
which makes it afcend haftily. Thus, when 
two Weights are in Mquilibrium in a Balance, 
take fomething away quickly from the one 
Weight ; the other will prefently outweigh, an4 
rapidly elevate^ the diminiftied Weight, ^ 

Eud. This Tube, which they commonly 
call the Tortcellian Tube, becaufe ToriceiKus 
firft invented it, is a true Barometer, when k 
contains Mercury 3 fince k ferves to meafurc 
the Gravity of the Air. Let an Enamellcr 
bend it at the lower End, and join a fmaQ Phi- 
al to it, which afïbrds Accefe to the external 
Air: then hang it up perpendicularly upon a 
Board marked with Degrees, to the Height of 
between 27 and 28 Inches, or thereabouts, 
from the Level of the Mercury in the Phial, 
Fig. 29. It is a fingle Barometer which in- 
forms you of fair Weather, Rain, Wipds, 
Storms, Calm, or Tempeft, and difcovers to 
you beforehand the Danger or Safety, the Plea- 
fure or Toil of a Voyage or Walk. By what 
fecret Charm does a Tube, filled with Quick- 
iilver, difcover Futurity ? 

JiriJ. 


\ 


rioN xxir. 

I do not well compre- 
Wd the Prognoftics of 
\ certain, as I think, 
Vccs them. 
p Barometer afcends 
: the Air is more 
iveighs lefs in rai- 
,,,.*rt in fair Weather } and 
.^j It. begins to weigh more, when 
^.-^-vVeather becomes fair. For which Rea^ 
îbn the Mercury is lower in rainy Weather, 
and higher in fair Weather. Hence, if the 
Mercury defcend, it is a Sign of Rain ; if it 
afcend, it is a Sign of fine Weather. Here is 
the Charm which makes us forefee fine Wea- 
rfier or Rain, Calm or Tempeft. ' 

Ariji. This fecret Charm ftill leaves foine 
Uneafinefs in my Mind. In fair Weather, the 
Air appears lefe charged with Vapours or Par- 
ticles of Water. How then does it weigh 
more ? 

. ^ud. Then the Air appears lefs charged 
with Vapours; becaufe the Vapors being more 
attenuated by the Rays of the Sun, or by the 
Heat of the Earth, being more fubtile, and dif- 
fufed in the great Circles of the Atmofphere, 
do lefs interrupt the Rays of Light. Neverthe- 
lefs it is more charged ; for then the Rivers and. 
Fountains diminiih, the Earth is dryer, and 
the Plants, Flowers and Fruits wither. Where 
are- the Vapors, if not in the Atmofphere ? 

Artft. 
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jiriji. What, when dull and gloomy Clouds 
veil the Heavens from my Eyes, does the At- 
mofphere contain fewer Vapours, than when 
the Heaven is clear, ferene, andfmiling? Pray, 
what is it then that forms thofe obfcure 
Clouds ? 

Eud. They are Vapours that defcend frorti 
the more elevated and largerCircles^ and which 
being more united in the lower and fmaller 
Circles, obftrudt the Paffage of the Light. 

Ariji. But ought not the Defcent of Vapours 
to prefs and Weigh down the Air, and confe- 
quently make the Mercury to afcend ? 

Eud. I. The Defcent of the infenfible Va- 
pours, which precedes the Rain, difcharges 
the Air imperceptibly; hence the Mercury de- 
fcends, and prognofticates Rain. 

2. The Defcent of the Vapours, united into 
fenfible Drops, makes the lateral Air to a- 
fcend, whether it be by their Weight when 
they fall, or by the Efficacy of their Spring and 
Rcfleâion at the End of their Fall. In fhort, 
faften two Bodies of different fpecific Gravity 
to the two Ends of a Thread, a Bullet of Lead 
for Example, and a Ball of Cork; fo that 
thofe two Bodies may fwim In a long Tube 
full of Liquor. Faften the Tube perpendicularr 
ly to one of the Radii of a Ballance, and faftejl 
an equal Weight to the other. Let this 
Weight and the Tube be in Mquilibrium. Cut 
the Thread which faftens the Lead and 'Cork 
together ; the Cork afcends, and the Lead de- 

fcendsji 
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fcends; the Mquilibrium is loft; the Tube ii 
elevated K Why ? Becaufc the Parts of the Lh- 
quor weigh lefs» when they are raifed up by 
me Weight which defcends. After the fame 
Manner the Air being raifed up by the Vapors 
which fall, ought to be lighter; being lighter^ 
it permits the Mercury to fall. Thus the Mer- 
cury being funk, foretells the Fall of Vapors 
and Rain. 

They afErm, 'tis true, that in the torrid 
Zone, which is between the Tropics, the Mer- 
cury afcends continually in the Nighty inftead 
of defcending ; altho' the Vapors ariië in the 
Day Time, and fall down again at Night. But 
in thofb Regions, i. The exceflive Heat dilates 
the Air in an extraordinary Manner in the 
Day Time, and confequently renders it lighter. 
z. The Fermentations, caufed by the Violence 
of Heat in the Surface of the Earth and Wa- 
ter> elevate the Air in the Day Time. 3. The 
Vapours and Exhalations that fpring up on 
high, by the Force of theic Fermentations, have 
le(s relative Gravity, than when they are in 
Mquilibrium j and compofb, if I may fay (o^ 
the fame liquid Mafs with the Air. 

Sometimes in this Countrey, a Wind being 
refleâed, which blows from below upward^ 
bears up the Air, renders it lighter, and pro- 
duces on the Barometer the fame EfFeâ as 
Rain. 

Hifi. dcTAcad» 171 1. p. 5. 

Finally, 


On the Gravity of the Sr, Sec. 319 

Finally, upon the inferior Mercury of the 
Barometer I pour 14 Inches erf" Water; the 
Mercury afccndâ one Inch in the Tube. 

Ariji. Bccaufe an Inch of Mercury is in ^- 
quilibriù with 14 Inches of Water. 

End. Put into this Water the End of a Sy- 
ringe, draw the Plfton, and the Water fol- 
lows it. 

Arijl. Is it aftoniftiing that the external Air, 
which weighs 28 Inches of Mercury, or there- 
abouts, makes the Water to afcend, when by 
lifting up the Pifton you remove all Obflade 
to the rifing of the Water? 

End. Is it the Air then, which alfo makes 
Water afcend to about 32 Foot in attraâing 
Pumps, when the lower End of the Barrel is 
in the Water, and one draws the Pifton ? 

AriJl. The Air, which fuftains and elevates 
the Mercury to 28 Inches in the Barometer, 
fuftains and elevates the Water to 32 Foot, or 
thereabouts, in the attraâing Pumps, if the 
Weight of 28 Inches of Mercury, and the 
Weight of 32 Foot of Water, arc nearly e- 
qua! : But they are nearly equal ; fince one Inch 
of Mercury, as we have faid, equiponderates 
with 14 Inches of Water: Therefore the Air 
fuftains and elevates Water to 3 2 Feet, or there- 
abouts, in attracting Pumps. 

Eud. In the mean Time the more Water 
afcends in the attrading Pump, the greater Re- 
iiftance we find made againft the Force which 
lifts up the Pifton. 
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Ariji. The taore Water afcends, the more 
does the Column of Air which bears it up em- 
ploy of its Force to fupport it; the more of its 
Force it employs for this Ufe, the lefs it has to 
counterballance the perpendicular Columiij 
.which falls upon the Pifton. The lefs that 
counterballapces this, the more this preferves 
of its Weight for oppofing itfelf to the Elevati- 
on of the Pifton. Hence the more Water a- 
fcends, the greater Refiftance one feels, 
. Eud. The Refiftance then which one feels, 
is not properly the Refiftance of the Water. 

Arijl. it is properly the Refiftance of thé 
fuperior Air. 

Eud. The Refiftance ought to be felt then 
upon the Surface of the Hand, which draws 
the Pifton, and which is under the Column of 
Air. 

jiriji. That ought not to be, if the Surface 
of the Hand is equally preflTed contrary Ways 
by the external and internal Air i for according 
to the Laws of ihe Union of Soul and Body, 
the Soul does not feel but when fome Change 
happens in the Body. Now the Surface of the 
Hand is equally preflTed contrary Ways , both 
by the internal and external Air j 'fince the firft 
pufties back by its Elafticity, as much as thci 
other puflies by its Weight : Therefore the Re-* 
fiftance ought hot to be felt upon the Hand 
which draws the Pifton. 

Eud. It ought tQ mctkc itfclf be felt when 
it is. 

7 Arift* 
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Arijl. When it there caufes aay Change in 
die Organs, I grant it. 

Eud. But to conclude, why is it felt in. the 
Pifton ? 

jirifi. It ought to be felt in the Pifton, if 
the Column which defcends upon the Pifton 
employs more Force to thruft it downward, 
than the lateral Column employs to thruft it 
upward again; the Hand, which draws the 
Pifton a contrary Way, ought to feel this Ex- 
cefi of Force. But the Column which de- 
fcends upon the Pifton, employs more Force to 
thruft it downward ; fince in Order to thruft 
it downward, it employs the Force which the 
lateral Column employs to bear up àt once both 
the Water and the Pifton. Therefore, &c. 

The Refiftance ought to be felt where the 
free Force of the Weight of the perpendicular 
Column is united. But it is united in the Pi- 
fton ; for it is united in the Bafe, and this Bafe 
is the Surface of the Pifton. 

EuJ. Here is, I think, one Faâ fufficiently 
. cleared up. Let us now obferve fome Marks 
, of the Air*s Gravity in the Air-Pump, Fig» i* 
I fit to the Hole of the Copper-Plate the Ori- 
fice of a flat Botde, cafed with Straw. Ac 
once pumping out the Air my Bottle is broke. 
jiri/i. According to the Rules of Natural 
Philofophy, the Bottle ought to break and fall 
into Shivers, as it does, if the two oppofite 
Sides 3^ which are, as it were, two oppofite 
Planes, ought to approach one another : Now 
Vol. L Y they 
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they ôOghc to do it. For they cannot be im- 
pelled toward one another by two Columns of 
Air, whofe Dîaùieter is equal to tEeir Diame-. 
tcrs, without advancing toward one ahothcri 
tkiltts they be fiipportcd by an internal Force, 
equal to the Force which impels them. They 
are not fupported after that Manner, fincc the 
Air h pumped out. Therefore, &t. 

Etid. I pump the Air oet of thé Receiver. 
The Receiver \i not broke to Pieces. ' 
• jdHft. Its Parts being difpofed in Fôrrti of 3 
Vault, and fuftained by one another, are Prortf 
àgainft the Gravity of the external Air. 

Eud. In vain do Î try to fe|)arate the Re- 
ceiver perpendicularly from the Machine. 

Ariftj' The Aétion of the Gravity of the Air, 
diffufed unîvérfally^ retains them united. 

Ettd. Therefore it is the Aâion likewife.of 
the Air's Gravity,, which hinders ray feparâ- 
tlng perpendicularly théië two polilhcd Mar- 
bles. ^ 

Arift. No doubt bf it. 
End. In fhort;. I fiifpeiid them iti the Re-' 
céivèr. — 1 pump the Air out at feVèraî TimeSv 
-^The inferior Marble is feparated as.of it- 
it\i. That is becaufe it is no motie fuftained 
by thé-Preffure of the Air. Nevertheless I fe- 
pardte them horizontally out of the Receiver,, 
without any Obftàcle from the Prefiure of the 
Air. 

Arifl. When you endeavour to ifiake them 

nin> or ïlide upon otie another, the Aiif behind 

^ - thés» 


them féconds your EflTott, us iriuch as' the Air 
before them refifts k. Hence there isji^fe 
Oppofition to -tlie horiaK^ntaPSeparàtioni /Iwc 
there is bo Air between the two,Marhkisrto i^- 
. cond this^r , pérpéndiculat . Separation. You 
have the Pte0Mir6of the; Air, Which unites dbei»^ 
.to overcpmç without any Hdp. 

End. Thefe Hemifphcres void of Aiir, &y 
/emous^ aùid which, could fearcely be fepar^ced 
by Horfos, ^ would nb longer aftoniflx .yt>u. 

Arift. No more than the two poliihed Mzsh 
bles. The Union both of the one and other^ 
proceeds equally from the Weight and Pref- 
îiirc of the external Air. 

Eud. But are the two Columns then fo ve- 
ry weighty, which anfwer to the two Hemif* 
pheres? >/ - . 

Arijl. Let itt fujf)pofe thax: the Diameter of 
each Hemifphere is a Foo^; .the Column of 
Air> which'' lîkWer^ to . ra^ Hem^ifphere^ 
weighs mopQ than aiôô Pcwnds. It weighs 
more than a Ûdîumti 43f 3«i tubical Foot of 
Water, fince itrCan fup^K^rt 52. Now a Co- 
lumn of 30 cubical Fdai m Water weighs 
2160 Pounds; for a cubical- Foot of Water 
weighs 72 Pounds; and 72 Pounds, multipli- 
ed by 30, give 2160 Pounds. Therefore the 
Column of Air, which anfwers to each He- 
mifphere, weighs more than 2160 Pounds. 
What will it be , if you double the Diameter 
of each Hemifphere ? 

Y a ÉU 
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Eud. Thus, I think, we have Faâs enough 
to prove ihc Gravity of the Air, and that 
vre inceâândy bear a Weight of more than 
$000 Pounds, without perceiving it. Let us 
fee fome Fadls which particularly reipcâ the 
Spring of the Air. But what do I hear? 
They art coming to interrupt us. To Mor- 
row, ArijluSj I ihall expeâ you. I wifh you 
would be here by five in the Morning, lo 
much Flcafure do I find in your Conveiût* 
tion. 
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Upon the EffeBs of the Spring of the 

Atr\. 

]r Was waiting for you, àtzîArîftus^ m making 
[ Tryal of an excellent Air-Pump. — The 
ifton defcends at firft without any Obftacle. < 

JriJ{. 

f It has heen Ihewn, that the Air has the Properties of other 
Liquids ; but befides it has another Property, lyhich is» that it 
can take up a greater or lefTer Space, according as it b compreflel 
.with différent Force j and as foon as that Force is diminifhed» it 
ocpands itfelf. B7 Reafon dF the Analogy of this EffeA with the 
Elafticity of Bodies, thiat Property of the Air is caUed its Elafticity. 

The Elafticity of the Air is as its Deniity 1 for this laft is in-t 
verfly as the Spce taken up by the Air, and therefore as th6^ 
Force comprefllng the Air, which is equal to that by wliich the 
Air endeavours to expand itfelf, but this Force is its Elafticity. 
5. Gravefandis Elem. ?byf> The Air is loaded by the Weight of 
the whole Atmofphere preffing eveiy Way , according to the 
Nature of a Liquid ; the Force i| exerts does i\q Way depend upi^ 
on its Elafticity ; becauf e whether you fuppofe Elafticity or not; 
that Force which arifes from the Weight of the Atmofphere» ancl 
is equal to it, can no Way be changed : but as the Air is elaftic» 
it is reduced to fuch a Space by the Weight of the Atmofphere, 
«8 that the Elafticity, which reaéls againft the comprefling Weight. 
is equal to that Weight. But the Elafticity encreafes and dimi* 
nifhes as the Difbnee of the Particles dimimfhes or increafes, and 
it b no Matter whether the Air be retainçd In a certain Space, 
by the Weight of the Atmofphere, çr any other Wav. For in 
either Cafe it will endeavour to expand it felf witn the fiunc 
Force, and prefs every Way. Therefore if the Air near the 
Earth be included in any Veflel, without altering its Denfity, the 
Preffure of the included Air wiD be equal to the Weight of the 

y % whole 


■31^ Conversation XXÎJI. 

Arifi. Becauiè the Dilation of the internal 
Air, which dcfcends into the Pump, puihcs 
the Pifton downward, with a Force almoft e- 
qual to the Refiftance of the external Air. 

Eud. The more I pomp the internal Air, 
the more the Pifton feems to rcfift. — 

Ariji. The more you pump the internal Air, 
that which remains has a freer Space, and is 
jnote dilated i the more it ia dilated, the Icfe 
Force it has to fécond you } the Icfs it féconds 
you,, the more you feel the Refiftance of the 
external Air; the more you feel that, the more 
the Pifton feems to refift. 

F^d, I draw the -Pifton. again; you iêe a 
ifBall Rain, and the Sides of the Receiver tar- 
niftied and obicured within. 

Arift. The internal Air, which is rarified 
fuddënly, puftiee and ftiakes the imperceptible 
Vapors which flutter in the fapie Airj and if 
it is in a certain D^ree of Rare&âion, it has 
po longer Fmcc enough to fuftain them. Thole 
Vapors being united in the SucceiBon, and in 
rfieir Fall, fall down in Rain. Many of them 

T}>us')çe find M^iciay ful^uned to ihe f-im^ 
Force of Air; included jn.a Claii VdTel, «W 
with die external ^Vc at l>y the Weight of 
:. , U.Jbid, . ■ , ■ ; - 

é .jEUitM^iy of the Ay- u* like diole of its 
;d;;^r ^ ^ itt ËlalUàt^, juA u Air not 

TCff Air.cQnfiflE do npi -touch each others 
Itceps fhcm apart ; and the Forcç wherewiili 
■eAt, iocreaTei in the fa^ne Jiif/f? wherein' the 
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being ^browm upon the Side» qf the Rçceîver, 
cafnifli it inwardly and obfcure it, ihpttiqg v^ 
the Paiges of Light. 

Eud. when the Pifton has defcended, I leave 
ût at Liberty. It afcends as of itfelf. 

Ariji^ Bccaufe ic is thruft back by the exter- 
nal Air^ without finding in the rarefied Air of 
,che Barrel, a Refiftance equal to the Force 
which thruite it back. 

RitdA I let the external Air efiter îigaia into 
the Receiver by turning the Key, and by the 
Pipe of Communication^ the Receiver is de- 
cached and obeys. 

Arifi, Beqiufe the Air being returned, pufli- 
es it upward with an elaftic Force, equal to 
the Aaion of the Gravity of the external Air^ 
which puiheç it downward. 

. Bfud. I have made the Tube of a Baroipeter 
pais thro thfi l?pred TTop of another Receiver, 
which I place upon the Copper-Plate inftead of 
-the firft. You fee the Mercury at its ordinary 
fJeighr, in a yefy finall Space, Fig, 30. ; 

Arift. The internal Air retains it there 1^ 
its Spring. ' . 

End. I pump out the Air, aijd the Mercury 

deicends» 

Arift. Becaufc the dikted Air , which re- 
mains, havmg no longer the fafiie Force^ 4oçs 
no longer fuftainihe lame Weight. 

Eud. I Jet the Air enter again. Tl»e Mer- 
cury afcends again. 

¥4 Ariji. 
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Ariji. The internal Air, being eftabliflied 9- 
gain in its former State by this Return, has the 
fame Force which it had before ; the fame 
Force produces the fame EfFeft, replaces and 
fuftains the Mercury at the fame Height. 

Euà. I place under another Receiver an old 
and fhrivelled Apple, and a flaggy Bladder, 
whofe Neck is well tied ; I pump the Air. — 
The Bladder is inflated, and the fhrivelled Ap- 
ple appears plump to the Eye. — Is it not an 
Apple frefli gathered ? 

jiriji. The Air, which is within the Apple 
and Bladder, being no longer compreflcd by 
the external Air, is dilated ; and by its Dilatati- 
on inflates the Bladder, and produces this Spe- 
cies of new Fruit. 

Eud. Let us permit the Air to enter again, 
the inflated Bladder becomes flaggy , and the 
Apple is {hri veiled and lofes its nevv frefh- 
nefs. 

, AriJi. The Air which enters, being naore 
comprefTed and flronger than the dilated Air 
of the Apple and Bladder, preffes and contrafts 
their Extremities. Thus the Bladàer and Ap- 
ple refume their Wrinkles. 

Eud. Let us place a Glafs of Beer under a 
fmall Receiver. ^-^ Pump the Air. — Here arc 
Thoufands of fmall Bubbles which afcend. — 
Pump again. — The Beer froths. 

AriJi. Thoufands of Particles of Air, which 
remained (hut up and intangled in the înterftî- 
jpes of the Beer, being at lafl delivered from 

the 
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the Prefiore of the fuperior Air, are difbngaged^ 
dilated and inflated. Being inflated, they ^ve 
thereby much more relative Levity; and being 
forced to afcend by the Gravity of the Beer, 
they rapidly reach the Surface of the Liquor. 
Every Bubble of Air raifes up, and carries a-- 
long with it a Pellicule, a very minute Sur£u3e 
of Liquor, and is wrapped up in it. Hence 
thofe fmall, white and numerous Bubbles» 
which fwim upon the Beer. Thus the Beer 
lathers. 

End. Inftead of the Beer I put a large Glais, 
almoft half full of warm Water. I pump out 
the Air at different Times. The Water riles 
up with great Bubblings, fprings up into the 
Vacuity, and boils more ftrongly than if ic 
were over a great Fire. The Spirit of Wine 
would produce the fame EfFeâ. 

Arijf. That which makes the Beer lather, 
makes alfo Water and Spirit of Wine to boil. 
Spirit of Wine and Water are impregnated 
with Air. This Air, being eafed of hdf the 
Weight which preflfed it, is fèt at Liberty, and 
unfolds its Spires and Plates. An Excels of 
~ relative Levity makes it yield and afcend haiti- 
ly. Its rapid Motion bears up, and throws aan 
a Number of liquid Surfaces. Thus warm 
Water and Spirit of Wine boil without Firc.^ 
Eud, But why does warm Water boil rather 
than cold Water ? 

jiriji. Becaufe the Parts cS warm Water be- 
ing agitated, divided and diminiflied by the 
« Aâion 
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AAion of the Hfcâ^t» leavç the Particles of Air, 
.already heited a little and dilated^ freer Paf- 
iages to difengage themfelves. 

Eud. The Bubbles of Air aqgment in Bulk, 
and in Proportion as they approach thf Sw^^ 
Ace. 

adrift. Becaufe in Proportion as they afcencf, 
having lefs Weight to fuftain, thçty are, dilated. 
Eua. Let us pierce the End of:^n £gg«-T- 
I put it into a fmall Glafs, with the pierced 
End downward. Pump out the Air. — You 
ftç the liquid Matter come àloloi^ all put from 
the Shell. — Let the Air retUm. rrr The M^ttçr 
difappears. 

. Arifi. After the lulling OBt qi the external 
Air,^ die Spring of the internal Air has dilated 
the liquid Matter» and driven it qut of the 
Shell. After the Return of ^he externiàl Aif^ 
the internal Air being fhuc up in its former 
State by a fuperior Force» has left the Place fxtp 
to die liquid Matter. This Matter being thruft 
back» reenters the Shell» where all is \ti Mquf^ 
iihrium with the Air of the Receiver^ 

Eud. Pour Water into a larger. Qlafç. Upon 
the Surface of the. Water I pup à Sppngp iin- 
pregnated with, Water» and covpt it with thp 
Receiver. Pump out the Air, Thç Spunge i^ 
fonoiewhat elevated. Permit the Air to eptcr 
again. The Spunge finks. Pu wp again. The 
Spunge afcends and fwims above. . . 

Âriji. I. When I pump the àrijt Time, the 
Air contained in the Spunge finding itfelf morfe 
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free, 18 dilated arid comes out, in Part at Icgft. 
What Air remains in the Spungc, altho' it bé 
much weaker than before, is fufficient to give à 
greater Bulk to the Spunge by its Dilation, 
This Excefe of Bulk renders it lighter. Being 
lighter, it afcends a little. 2, I make thç ex- 
ternal Air to re-enter. This Air being much 
ftronger than the diitoinifhed and weakened 
Air of the épunge, çompreffes . it. By com- 
>f effing it, the Spunge is contraâcd into a lefs 
5ulk, and^ more compaft than it was before. 
By that Means the Spunge becoming more 
weighty than an equal Volume of Water, finks, 
3. Whenever ^i pump again, the internal Air 
not having the Preflurc of rfie pumped Àîr to 
fuftain any longer, is dilated jtgain, and dilates 
the Spunge. The Spunge being dilated and 
jnbrc light, riecovers the Surface of the Water. 
I need only continue the feme Mechanifm, an^ 
the Spunge will continue its EHvcrfion by thç 
fameReafbh. 

'''" Eud. Do you fee, jiriflus^ this other Specie 
cs of fmall Receiver? It is a Cupping-Glafj^ 
They apply it full of the light Flapie of a \it^ 
tie Flax upon Cicatrices made on the Shoulde;^ 
of a Man in a Lethargy. Whenever the Flame 
18 «ctinguifhed, the Flefh, which anfwers to 
the hollow of the Cupping-Glafs, is inflated, 
and the Blood thrown out. 

Arijl. The Flame expels much Air from the 
Cuppmg-Glafs, and rarefies the refl in an ex-^ 
^aor^inary Manner. It is ejçtinguiihed ? The 

Air, 
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Air» which is in the Blood and Fleih^ and 
which has loft nothing of its Force, is ftrong- 
er than the dilated Air of the Cupping-Glaf^ 

and is extended. This Extension inflates : the 

, ■..»-■ > 

Flefh, and rarifies the Bloody the;Biood being 
rariiied is thrown forth. 

Eud. One Faâ: more o£ the Spring of the 
Air, which plcafes the Eye without hurting the 
Imagination. You fee this fmall enamelled 
i?igure of -a Man ^Jy Fig. 3 1 • It . is full of 
^ir. It has in the Leg a fmall Eminence, bored 
through and throi^h. I fill this 01afs*Tube 
with Water by the lower End The little Fi- 
gure inunediately fwims , then it defcends> a£i 
cends agam, refts, whirls about > dances, and 
repeats the fame Scene at Ple^fure^ 

jiriji. Let us ice the Experiment, 

Etid. You fee the little Figure fwim above. 

Jtrifl. The Reafon is, becauib the internal 
Air niakes W4th the enamelled Piâure, a Bulk 
lighter than an equal Bulk of WaKFt 

Eud. I prefe with my Thumb the Orifice of 
the Tube. The little M^a is plunged to thç 
Bottono). ( 

. Ariji. The Water being conipf eflcd by .the 
Aâion of the Thumb, enters into the litde 
Hole of the Leg, comprefies the internal Air, 
and renders the Bulk more heathy. . Being morq 
heavy, it finks to the Bottom. 

Eud. I ceafe to prcis the Water, always 

clqfing up the Orifice of the Tube with my 

- Thumb, 
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Thtimb. The little enamelled Man afccnd^ 

again. 

Arifi. The Water, which ccafes to be com- 
pr^ffed by the Thumb, yields to the Spring of 
the internal Air, which is dilated; it comes out 
of the Leg^ The Figure becomes lighter. Be- 
ing lighter, it is thruft back toward the Sur- 
face of the Water. 

End. While it afcends again^ I fey but one 
Word, and it refts in the Middle of its Journey. 
Ariji. The Word alone would be very inet- 
feâual ; but you ftay your Thumb upon the 
Surface of the Water; you prefs it fo, that it 
flows into the fmall Hole of the Leg, precifely 
in foch a Quantity, as is neceflary for putting 
the enamelled Figure into an Mquitibrium. 
Thi^ I believe, is the Charm, which at once 
Hops it half Way. 

Eud. Is it alfo then my Thumb, which de- 
termines it at once to whirl about, and to 
dance in the Middle of the Tube ? 

AriJl. While at different Times you fink and 
raife your Thumb with a certain Quicknefe, 
the Air and Water are alternately viftorious ia 
the Hole of the Leg. In this Sort of Confliâ: 
they* hailily dafh againfl the fmall Eminence, 
and give it a Direftion to go toward the Right 
or Left. The Figure cannot follow this Di- 
reâion ; the Obftacle of the Water impedes it. 
But by turning about, it may yield itfelf to the 
Motion which it has received ; it turns about 
according to your Xaws of Motion, it whirls 

round. 
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round» dance^ mechanically ; and this i$ coo^ 
tinually in Appearance with fome Succefs. 

Eud^ Now with the Breath alone^ or with 
a Pair of Bellows^ let us condçniè the Àir up- 
on the Water in a clofe Veflel j out of which 
the Water inay . ipout by a Tube » one End 
whereof defcends as far as the Bottom of die 
Veâely while a moveable Key opens and (huts 
the other End, Fig. 32. The Water fpouts 
iip, and makes an artificial Fountain. Upon 
the Water fpouting up I place a Wax-Ball, or 
rather a Copper-Ball, hollow and very thin» 
The Water which touches it, fuftains it, makes 
it to turn about, and turns about itfelf, till it 
get off and be thrown out in Streams» which 
are like fo many Tangents (a a a). 
[ ^ijl. The Water being comprdTed by the 
internal Àir extraordinarily condensed, and 
thrufk back by the «xterail Air, vdiich is only 
in its ordinary Condenfation, yidds to the 
greater Force, overcomes the weaker, and 15 
darted out Jnto the Air. The Fotcc of the 
Water fuftains the Ball, which is of Copper^ 
but very thin, and îfull of Air. The Water 
which ftrikes it, but not precifely in the Mid- 
dle, makes it turn round ; and flowing upon 
the Surface, where it fticks a little, turns ixkli 
round, till the Force which makes it turn, de- 
taches it. Then it follows the fécond general 
Rule of Motion, and goes off by the Tangent^ 
as all Bodies do which are nioved ckcubrly» 
whenever they are at Liberty. 
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Eudé JjCC lis place die feme Vcf&l ovtt tte 
Fire ^ without corrdcnfirig the internal Air; 
the Water fpoiits up, 

Ariji. The Heat dilates the internal Airj 
the Air being dilated forces the Water to ipout 
upr This IS a Species of Molipile. 

£2/^. Imagine now, or rather confider twa 
Pipes of Tin , perpendicular to the Horizon, 
open at the two Ends, and âink into two Sorts 
xA Drums of the fame Matter (a^ b^) Pig. 35, 
The one of the Tttbcs (c) pierces the fuperior 
' Drum (a)^ quite through, and defcends al^ 
inoft to the Bottom of the inferior Drum (b)^^ 
the» other Tube (d)^ which only penetrata 
the fuperior Plane of the inferior Drunfi^ 
penetrates into the other Drum as far as the 
luperior Plane. In the Middle of the fupe^ 
rior Drum is a foiall Tube (e)y which ^e- 
icetids almoft to the Bottom of the fame Drumi 
This Machine th^ call the Fountain of HerofK 
By the Tube in the Middle, - 1 fill the upper 
Drtfm with Wine. I leave therein no Paflàgè 
but through a little pyramidal Pipe. Thei^ 
by the Pipe which pierces the upper Druni 
quite through, I pour in Water into the lower 
Drum. There is Wine whidi iflhes out of the 
Other, afiki (prings up into the Ain Is it noÊ 
Magic that makes Wine to fpdat AUt from 
theBofômof Wdter itfelf? :^ 

• Afift. Thé Water being poured through the 
Tube fills the inferior Drum. When the 
Drum is filled with Water, the' Air which filled 
^7 ic 
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it removes through the fécond Tube» is dliïu- 
fed and condenfed above the Wine in the fU'* 
perior Drum. The Wine being impelled hy 
the Spring of the Air extraordinarily condenfed^ 
and finding a Pafiage by the inferior and the 
iuperior Ends of the pyramidal Tube, iffues 
out with fo much the more Velocity, as it 
pafles from a larger Place through a flraiter 
Vent. It fprings up, and is darted far above 
its Source ; and the Spring of the Air is the fë- 
cret Charm, which feems to make the Wine 
ipout out fi-om the Bofom of Water itfelf. 

Eud. After this, nothing ieems to be more 
evident in natural Philofophy than the Spring 
6f the Air ; a Spring fo much the more per- 
fèâ, becaufè the Time of its Tenfion does not 
diange it, as that of Wood or Steel. For M. 
de Roiervaly of the Royal Academy of Scien- 
ces, having let his Air-Gun remain charged 
with condenfed Air for the Space of fixteea 
Years ; this Air, being at lail fèt at Liberty^ 
appeared to have lofl nothing of its elaflic Force, 
and produced the fame EfFeâ which it would 
have done at firfl °». 

j^Ji. I do not demand a Detnonflration ; I 
would only have a plaufible Reafon of this 
Faft. Eua. i. The Air being a more fimple 
Body than other elaftic Bodies, ought to be 
changed with the greater Difficulty. 2. The 
iubtile Matter flowing alone through the Pores 

»Hift. del* Acad 1695. P* 3^^* 
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br Interftices of the Air, without being^^rgpd 
vi^ith Air, or Spirits of Nitre, or groflef'Cor- 
jSafcieSi as it is when it penetrates oiHe'r Bo- 
dies, ought to damage the Air leis. 3. In a 
Word, ih6 fftiall Branches of '. condenlfed Air 
make a Mafs, whofe united Forces prefervp ior 
ftom the Action of the fubtilb Matter. Hi- 
therto we have ieen,- Ï ihink-, Fa3s enough pe- 
culiar to Gravity, and F'aéls enough peculiar 
to the Spring of the Air ; let us fee fome Fadts 
which feem- to regard, both t^e Grarity and 
the Spring at the VàXÂt tiçaCi ■ ,^-- 

)Artâ.!y[}S^ I my felF^ £^^(?jffri, ihterrppjç-.ft 
Cohv'eriatiqn, y^herein jfoa give me fû/^}jf|i 
Pléàfùre^' Eut à Diity of Friepdfliip çallsmc^ 
erfewHere. At one o' Çbcfc in the After^nocflv 
I ïhairwaiîon yôu here. ,.■ :, ..; î ....^,j [■._ , ., 

'Etid. Ân-hoheft Man doeS; nqt .nj;g!e£t,a \ 
friendly Offîpe; Ihogld.âJPiiilqfopher theuidei 
cliiieit?, Pli.iïofo'phy knbvs hoy,to,acc9pjtti9* 
jdsife'iiièlf to the Laws of found.^yIoraïjt^,;,;j ; 
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CONTERSATION.XXIV. 

Upon divers cimom^ffeBs of Gravity 
. and Elaftkuy of the Atr ïn different 
^ Bodies. 

Euâ. \ 71 7 1 L L you believe it, Arijius? The 
Y V ^^ infinuates itfelf , and is, in 
fomc Sort, diÛblved in Water; efpêciàlly in 
bdikd Water. BoU fome Water for about an 
Hour. Let it cool agam : Thien fill a Phial 
with it, whofe Belljr is very round. Clofe it 
up with your Finger in fuch fort, that you may 
let the Air enter into it, about the Bignefs of a 
Filberd. Turn it topfy turvy. Plunge die 
End of it into a Glafi full of the fame Water: 
In three or four Days this Air wiirbe' almoft 
wholly loft in the Liquor. I put a fmall Bub- 
ble of Air of two or three Lines into a Glals 
Phial, foil of River Water, which has not 
boiled. The Bubble of Air is alfp^'loft in the 
Water 5 but more than fifteen Days are requi- 
red, to make it dilappèar». 

Spirit of Wine, <5ut of which die Air is 
gone, fucks it up in lefs than three Hours *. 

n MarioU dc h Nature de TAir, p. 97. io6. * ^^^' 
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Ariji. Iti this Experiment the Weight a^d 
Pfcflure of the external Air, which caii èTevàte 
r2 Foot of "Water, pufties the Water of the 
'Phial againft the Bubble of Air, which fwîmô 
above. The Bubble of Air thrufts back- ifee 
Water by the Efficacy of its Spring. : ïn tHis 
* reciprocal Aélion the Partidesof Air-gràiâuà^y 
divide the Particles of Water; the Particles of 
Water , divide the Particles of Air :• TJie 6fic 
finds Acccfs into the Interflices of the other. 
Thtrs the Air penetrates, is4iiiblved> ana loït 
after fome Days in boiled Water. 

By the fame Reafon, the Air is loft in Wa- 
ter, which has not boiled: But the Étfçâ i^ 
^not lb fpeedy, becaufe the' Particles of boiled 
Water being divided and diminiihed by the Â- 
gitation of the Heat, find a more eafy Acceis 
into the ïnterfticcs of the Particles of Air, an4 
mutually afford them more eafie Accefs into 
their own Interflices, than Water which has 
never been boiled. By this one lufficientlv uri- 
derftands why Spirit of Wine fucks up Air io 
quickly. 

Eud. Nevcrthelefs Air' is mixed more diffi- 
cultly with Water, than Wine. I place m tha 
Bottom of a Veffel, full of Water, thîçJÔbttlé 
full of Air, whofe Neck is three or four' Linw 
wide. No Air comes out of it, ho Water ph-. 
ters into ic I fill the Bptde with pure Wine. 
The Water penetrates the Wine, and the Wine 
the Water. You fee it open itfelf a Paflage 
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through a heavier Liquor, and gain the Sur- 
face of ' the Water <>. 

Jlrijf. The Pahicles of Air are fnaall, mi-ï 
hute, and fine; but rafaious, according to 
the Definition which jou hsve given bf tneni. 
Wherefore thofe pàrticleis intangiéd in one an- 
other, ^ih the fmall; Neck, make a fmall uni- 
form and fmooth Surface, and fuftain the Wa- 
ter by their Spring fo much the more eafily^ 
becaufe the Water prelJSng equally and at pnce 
all the P'arls* of the frnall uniforja and fmooth 
Surface finds no Accefs into it/ nor makes Co- 
lunjjnSj unequally weighty .with theinf^^or Air, 
wbic'h might give Place to one another.' Hence 
.fhjÊ Water does not enter into the Éottle ; nor 
does the Air come out .of it. But,, the Parti- 
cles of Wine, as well as thofe , of Water, are 
more grofs, fblid, and lefs uniform. They 
make a Surface leis fmootn, afibrd Accefs into 
one another, rub^ touch, and ^gijate one another 
in hiore Parts, and make more Columns of un- 
eqiial Force. Hence Water being heavier than 
Wine, infintiatés'itfelf,* defcends,* and makes 
the Wine to -afcend by fmall Streams. 

Eua. But finally, do you believje that ;he Air 
haé tjié fame Bulk in Water as withqutit? 

jiriji. It ought to be more contradled in 
Water, fihcc therein it is chargçd'with a great-^ 
cr Weight. 

] • Marjote dçla Nature de i'Aîrj.p. 94. ; ' . 
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Eu J. Acdordingly JWT Mar tote has.obferved 
that the Air; which he haH expreffed from a 
Drop of hoe Water,- contained, when cold a- 
gain, éigfet ùr ten Times tnpre Space than a 
Drop ofthe feme Water p. ' Acicording to the 
Prihcipleis^anld^Galculatipn of this fkilful Mem- 
ber of' the' Academy, the Air may be dilated 
more than four- Thoufand Times beyond what 
k is in Liqùbrs and near the EartK ^ 

Hence, Air which- is 'more çbndenféd in Li- 
quors, Plants, flowers and Fruits^ than with- 
out them, ' caùfes Evaporations by the extraor- 
dinary Eifefts which it makes in Order to ex- 
tend itfelf 5 and at laft contributes to the Cor- 
ruption of thôfe Bodies^ W5Hc lofes its Spirit; 
Flowers decay; Fruits lofe their Sap, become 
înfipid, and ^trifle. . Thefe Bodies common- 
ly are better preferved in^<*loie Places. HerÉs, 
which would wither* in léfs than an Hour in 
the open Air^ femain frefhtwo or three Days 
when preffed betweentwoLihnen Cloths. Put 
CSicrries iiito a fmall Phiat in the Month of 
y une. Clofe up the Mouth with red arid vif- 
cous Wax ; and ae the' End of nine Days you 
will find, the Cherries ftiU intire, and of the 
'fame Colbiir^ The Leares which compofe 
the Catix of a Tulip, preferVe their Shades and 
the Livelineis of their Colours in a Book. Blood 
contained: in^ fmall Matrafe lieirnietically feal- 

\ m 
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P Mariote dc la Nature de PAîr, p. ii i. ^ Maiiote dc 

li Nature de l'Air, p. 1 70, 177^. « Ibid. p. 223. 
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cd up, has been feen to* preierve a fnje Colour 
and its Liquidity for the Space often Years*. 
The Reafoa is, becaui^ the Air of thofe Bo« 
^k$, finding more Refiftance OMde to' ks Di- 
latation in clofe Places, produces fewer Eva- 
porations, and the Afltion of the external Air, 
çommbnly charged with heterogeneous Cor- 
pufcl^s, caufes leis Change in it. 
"" But does this Air which infinuates itfblf fb 
fubtly into different Éodies, pafs through Pa- 
per? Here's an Experiment which will con- 
vince us. — Upon the upper End of a Baro- 
meter, whofe two Ends are open, I glue a 
finall Circle of Paper, with a Mixture of Wax 
and Roûn ; fo that the Air cannot enter but 
through the Paper itfelf. I pour between 15 
and 16 Inches of Mercury into the Tube, and 
invert it after the uiual Manner. The Mer- 
cury defcends fuddenly to a certain Point ; then 
it feeips to flop. But in a fhprt Time it de- 
fcends more flowly, till- it be alnniojft on a Le- 
vel with the Mercury into which the lower End 
is plunged K 

-Ariji^ I. The Mercury defcends fuddenly 
to a certain Point, becaufe with the Spring of 
the internal Air it makes a flronger Column 
than the external one. 2. It flops in Appear- 
ance ^ becaufe the internal Air being dilated, 
and the Mercury having fallen down , are in 
equilibrium with the external Air. 3 . But in 

» p. 221. ' Mem. de I'Acad. 1714. p. 59. 
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a fhort Tiiric the Mercury begins again to run 
gently ; becaufe the external Air enters through 
the Pores of the Papen 4, The Mercury de- 
icends gradually to îhe Level, becaufe the leaft 
Excefs of Force in the Air is fufEcient to find 
ibmc PafTages in the Paper. 

Eud. If I make \]k of fine Paper, the Mer- 
cury dëfcends the more fwiftly. . 

Ariji. That is becaufe in the fine Paper the 
Air finds more open Pores. 

Eiid. But proportionally as the Mercury de- 
fcends^ it deurends more flowly. 

jirtji. In Proportion as it defcends, the Co- 
lumn» which fuftains it, having lefs Mercury to 
fuftain, fiipports the Column, which pondé- 
râtes upon the Paper, fo much the more. This 
being more fupported, makes lefs Effort in Or-- 
dcr to pafi through the Paper, which oppofes. 
its Pal^e. With a lefs EfiR)rt, it penetrates 
more flowly. The Mercury being impelled 
more flowly, defcends fo much the flower. 

Eud. I foak the Paper with Water. The 
Mercury remains fenfibly fufpended, until the 
Paper begins to dry. 

. Arift. Becaufe the Water flops up the Pores 
of the Paper, ancl hinders the external Air from 
entering fenfibly into the Tube. 

Eud. Indeed, Seamen, when they have a 
Mind to fail more fwiftly, wet the Sails; that 
fo the Water flopping the Interfaces of the 
Sails may fhut up the rafîàge of the Wind, and 
that the Wind or agitated Air may pufh the 

Z 4 Sails 
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S^ils,)vith all its Force, and ho Part of it paâ 
uhprofitably throiigh the Pores. 

But the Air, . which. is in the Pores of the 
Paper, does not hinder Water to pafe thrqugh; 
why then docs not Waiter let Air pafs thr-ôugh ? 
" Arijl. Air, which is finer than Water, is npt 
fyficiçntly attached to/ the internal . Surfaces of 
the Paper, nor has Conûftence . enough to fu-s 
i(lain the Gravity of Water that i^ jîiprç weigh- 
ty andfôlîd; it lets it paf? through. -The Wa-; 
ter Ijieipg. niore folid and gfofçj :whîcU wets, 
ibaks; and lenerhei^a the Paper,- i&^^juficiently \ 
fuppqrtçd ^y. the yaçquatSurfaççppflh.é Pores; 
it has tonfiftefK:e . cnpugh for ^ ■ f^ftftioi^ng .^i^ 
Gravity . and Effort "p^- A^, e^tefwj^ and. 

J(t0p8 1t,. . ,. ... . .' ,..-.,. 

End' Is the Air, . fay you, fincrthaa Water? 
Kevçrthelefs thefe two Liquid^ being protruded,' 
by thb fame Force, the lait ip ,çq^ aii> Çîrçuto-î. 
l^açipeç j^afles thrpvehJPlaces, which the firft^^ 
cannot/ Inftead ofJt^^per I coy^jr the Top of: 
the Barometer, with a tlog V Bladden ' The Air 
aiQï]é'(^9.c? nQDpençtratç the Bladdçr, UutWa-/ 
ter penetrates It "• 

Arijl. That,. is, becaufe.the i^xçfA of Soli- 
dity, which is in the Particles of Water; prc-i 
vailing over the Exceis of Tenuity wh.icb is i^ 
the Particlçs of Air, thofe have Motiop and. 
Force enough to x>pen the Texture of the Blad-? 
^er, whilç thefe, being retarded by thqij: foiaU 
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Branches, have hot. In fliort, Water wets, 
ibaics, and lengthens the Bladder. 

End, A Faâ renders^ your Sentiment plaiifi* 
ble. , The Partidea of Water, which penetrate 
the . Kadder, bring Air' Snta the ^Barometer \ 
.This Air they contain in themfelVes: There- 
fore they ate.mora grofe than f her Particles of 
Air ; Notwii;hflanding they, pafi through In- 
terftices, which the Particles of Air alone ^o / 
pot pafs through; therefore itris idie'Excefe of 
the Solidity of the firft, Whieh makes them 
find. it Paflfage, .where the other fihd none, riot- 
withfïanding their cxceffive Smallnefs. ' • 
! i Hitherto we have fpokeh of the grois Air, 
which fortas Speech itfelf, as we fhall one D^y 
fee. Let us conclude our Converfation with a 
Fadl which refpeds a. finer Air. .; 

Wiçh .13^. Tube they take up. à little of the 
melted fatter, whereof Glaffds are made J: 
You Içî it. run» and fall into a Elail full of Wa- 
ter ; afiKi bfecaufethis Matter is very vifc6us, the' 
iRferiorPart. being thicker and heavier flo>ivs- 
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J Becfiufc Glafs is a Body which, has 2^ Ppvrer of Springing^ it 
is, probable, that this Glafe -Drop is broke in the fame Marmerf.^ 
a Sted Bow burfts in Pieces fbmetimes, when it is loofened on a 
fuddeuj vix, by the too great OeJcrit/. aûd' Force of that Motion ' 
which arifes fron\tl^ç mutual Attradion.9f its Parts.* For it^ 
Parts from the Center to the Circumference,- Teem to be likcfo 
many Bows bent. And thence perhaps it is, that after it is fourft ' 
^o Pieces, its FifTures are difîx>fed like fo many Radii drawn front 
the Axis to the Superficies, as Mr. Hook obfcrved in a Glals 2>rop 
covered over with Glue: Sec^ Hookas Micrography Obferv» 7- 
darkens Ibbault, 

with^ 
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.without being wholly detached, and is length- 
ened out in Form of a Tear. This fort of 
.Tear is fométimès called the Lacryma of Pruf- 
fia^ ' and fîHnetimes the Lacryma of Holland. 
Jbe Tear, which falls all red into the Watter, 
is cooled therein; here is one, Fig^ 34-1 
tlrike with an Hammer the thickeft Part of it 
(d)^ or the Head of the Tear, without its 
^teakins. 

Artfi. I am not aftonifhed at it. The Parts 
f^hich are ihuéli^ being diipofëd in Form of a 
y^It, and %rporting one another, ought to 
be Proof againft your Blows, 

Eud. But I bceak the finer Part (h)^ or Tail 

of the Glafe Tear. *— You fee the whole Tear 

fly afunder at once into whice Dad two or 

three Foot round about *. 

J Arifi. Doubtlefs the Fadt is furpris^ing. Not- 

withflaQding I think that, by Favour of the 

Lights which I owe to you, I difcern the 

Caufe <^it in a finer Air, which fuddenly paf^ 

iing from a larger. Space into the open Pores of 

the brokenT'aiU runs rapidly into a Thoufand 

and Thoufand fmall Cells, which grow wider 

and widcf- toward the Middle, then narrower 

ahd narrower toward the Extremities, and 

which the Irruption of the Air drives afiinder 

by the Efficacy of its Spring and accelerated 

motion. 

'* Alar, dc U nat dc l'Air, p. 64. . 

* • * » ' ' 
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Whenever the Tear fells into the Water, the 
Particles of its Surface being fuddenly fei2^d 
with the cold of the Water, arc cooled agaiiî 
and' hardened immediately, while the întcrttaî 
Parts being extraordinarily dilated bv the Heat! 
and by an Air dbat is dUated itfelt, are ftill 
red. The Parts of the Surfecc being cooled at 
onc&, arc neither drawn near eiiough one ati^' 
other, nor well , faftcned together, nor can they' 
approach theCenœr any more. Hence, when 
the internal Parts come to be cooled, in Pro^* 
portion as they are diftant from the Surface, 
they leave fmaller Interftices toward the Sur- 
fktey and greater toward the Middle. Théfe 
Interftices only contain a ràriôed- Air: For 
which Reafbn, when the fine Air finds an Eïi- 
try through the Pores of the broken Tail, it 
enters brifkly into the internal and more fpaei- 
ous Interftices s thence it drives out a more 
fubtile Matter ; and from the Middle of a 
Thoufand Cdtules, the ùnzll Lamina of fine^ 
Ait are rapidly hurried toward the^ExtrenSi- 
ties, with an Acceleration of Velocity^ and like 
foinany Wedges, through Paflagfô which con*- 
ftantly grow i&aiten This impetuôtts and futf- 
deri Effort cnlai^es the Pones, and feparates 
thé Parts, already but badly united. The Sud* 
dénneis of the Shodc darts out the I^f tides to- 
ward a Thoufand different Parts, Thus the 
Drop is crumbled into Duft. 

This Reafon feems to me fo much the more 
probable, becaufe the Air, which fuddenly 

finds 
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finds Accefe through the lower End of à É^- 
f ometer in an Experiment, throws the Mercu- 
ry upAVard with fo great a Violence, as you 
were faying not long ago, that fomètimes ie 
breaks even the Tube itfèi£ > 

Eud. Many Circiimfliances confirm your 
Sentiment. For i. The' Tears, which arc 
cooled in the Air, do not break, i. Why? B^^ 
cau^ their Particles, which are cooled flowly, 
almoft in the fame Time, and equally, are tlf|i^ - 
ted^ and make the Air within reftime a'Con- 
de^fation, equal almoft to that of tiDe Air; 
without! * ' '^' 

. 2. Props that are nealed, no more breafe^ 
than thofe coded in the Air; bêcaùfe^ 
the Air from without finding the Matter of' 
thofe Tears foftcnbd by the Heat, makes it 
re-enter wiithin, coniprcfîès the internal Air,; 
and by thai-Means' prévents the Irruption and' 
in^p^tuous fhàking of the fine Air, which 
breaks the Drops dtat are cooled in Water. 

3. Put a Pin into the large Bubbles, half 
polifbed , with Prefs-Sand , upxîn . a Plate ^df 
Steel, or elfe with very fine Powder of E«iè- ' 
ry ; Sometimes the Tear is broke 5 the Plft* 
which makes the external. Air to enter, caiifes 
the breaking of the Drop.' Sometimes alfc>' 
it is broken when the Pin is no longer in it, and ' 
whep one ceafes to make any more the^ioafk ' ' 
Effort y. 
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The Drops of Glafs are broken in theAif- 
pump with a greater Effedl fo.as to pro- 
duce Light ^ i bècauiè there remains fine Air 
enough to break them by its fudden and vio- 
lent Irruption, and becaufe there is much lefe- 
grofe Air, which might hmder the fcattering of 
the detadied Fragments. 

Finally, when you defire it, ^ri/lus, \re 
will lee in Syphbns and capillary Tubes fome 
lingular Fafts, wherein the Gravity and Spring 
of the Air, and the fubiile Matter itfelf, appear 
to have a great Share. ' ' A 

r Hift. del' Acad, 1692. p. 307; ■■•.•' 
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Concermng Syphons^ and Capillary 

Tubes. 

Eud. T E T us coixjtinue our Experiments, 
I ^ Arijlus. I take a Syphon. It is a 
crook^ Glafs, one of whole Branches is Âiort- 
cr than the other, Fig. 35. I put the (hotter 
one into the Water. The Water remains calm. 
I fuck the Air from the tv^o Branches, You 
fee the W^ter flow. 

Arift. Before you fuck the internal Air, it 
cppofes the Elevation of the Water with a Force 
equal to the Force of th^ external Air, which 
greffes and ilrives to elevate the Water iii the 
>yphon ; and the Water remains in Mqtdlibri^ 
nm between two equal Forces. But after you 
have fucked the internal Air, the Water that 
anfwcrs to the Syphon being preflcd by the 
Weight of the external Air, wmch would ele- 
vate it to 32 Foot, and being no longer retain- 
ed by an equal Force, afcends through the fmall 
Branch as far as the Communication of the two 
Branches. Then the Efficacy of the PrdflTure, 
which makes it afcend, and its own Weight, 

make 
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jniakc it defcend and flow through the longer 
one. 

Eud. Thus the Syphon, fee a going in the 
free Air, lets the Water run out more flowly 
in an Air-Pump, in Proportion as you pump 
out the Air j and when the Air fails, the Syi. 
phon flops/». But fince the Column of Air^ 
which anfwers co the End of the longeft 
Branch, is Ipnger and heavier than the Column 
which makes the Water at firft aicend, why 
does it not make it to a&end again, or at leaft^ 
detain it fufpended ? 

Ariji. The Column of Air, which anfwers 
to the End of the longeft Branch, is longer: But 
it has more Liquor to fuftainj and this Excefe 
of Liquor furpafles the Excefs of the longer 
Column, in Gravity: Therefore it muft give 
Place, and permit the Water to flow. Èy the 
fame Reafon, the Water will not afcend, if 
you plunge into it only the End of the longer 
Branch. 

Eud. Neverthelefs the capillary or very mi- 
nute Syphon does not ceafe to play in tht Fa^ 
cuum \ and Pieces of Cloth, efpecially when 
the Cloth is wetted before the Experiment, are 
full of imperceptible Pipes, wliich begin to 
play in the Vacuum^ and make Liquors to pais 
from one Veflel into another <^. 

■ Hid. de? Acad. an. 1714. p. 8^ ^ Hift. dcTAcai. 

1714. p. S6. Mem. p. 336. c ^em. de TAcad. p. 339. 
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^ Jrift. ThçBeglnHîng or Gôntînu'ancè Ottilia 
Diverfion feems a little contrary to the Hypo^ 
thcfis of the Aif's Gravity- * 

Eud. Nothing in the Main is more cidn- 
formable to it j- and in Order to conceive it^ 
lee us try to* difcover firft why Liquor afcends, 
and is fuftainëd above itis Level in the capilla- 
ry Tube, Fig. 36. Is it bèêaufe the external 
Air bears it up, and the Àîr which defcends in- 
to the Tube does not a6l freely upon it, fo as 
to thruft it back, by Reafbn cjf the Smallnefs 
of the Space? Some able Philofopherfe have been 
of this Opinion-: But, i . The Air, which finds 
free Accefs into the Barometer through thé 
Hole which is made in the Bladder that clôfesi 
up the fuperior End, ought to find free Accçfe 
inta a Tube^ whofe Dianieter is much larger 
notwithftanding its Smallnefs,^ and to drive 
downward the Liquor with as nduch Force as 
it is puflied upward. 2. Undeit the Receiver 
that is void of Air, the Liquçr is equally ele- 
vated ^. The fame Elevation fubfifts, and is 
likewiie foçnewhat increafed «^, becaufe the Air 
çontainedin the Liquor extends it ilill more by 
thè^Excefs of its Dilatation. 

\^(hat is it tfien which câufes the Elevatioii 
of a Column of Liquor in a capillary Pipe a- 
bove its Level ? The mutual Adhefiôn of thé 
Parts of the Liquor, and the Adhefioû of tho 

* Mem. de I'Acad. p. 345, « Mem. dc I'Acad- 170SW 
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H(|uid Coliimfi to the internal Surface. 'of the 
imall Pipe ; the Spring of the Air contained in 
the elevated Column, the Vifcofity of its Parts, 
or tl^e Facility which their Homogeneity arid 
Texture; aifFord them, of being united to one 
anothçrj ;ai»d very probaWy'^n Atmofpheie^ or 
Vprteùç of fiibtile Mattçr which circulat^es round 
about Bodies^ at leail about^ the. greateft Part 
of thçm. ^^ , ! ; 

. In Ihort, I, The P^rtidos of Water' adhere 
to one Jiinotherj othçr^ife , • i^ . the Ti^nc.of 
Pew we fliouid m)t feer fp jwany Drops of Wa^ 
ter fufpended upon the Leaves of Plants>j the 
Particlep.bfiing feparaisd; by t^ir Gravity 
would act compofe fi> many Drops; neithcc 
would two Drops of Watçr be united ^gaih in-! 
to one, as they are, iq their firft Contb(S; ... 

z. The Particles of Water ftick to dàfe; 
and the mutual Adljeftoa ; of the Particles of 
Water, as M. Petit has reiparkeld *', is left 
AroQg than their Adhefion Xf> the Glafsi \ For 
if one wet a clean Gtafs, and (hake it, Jmany. 
Parriclésoj: Surfaces of Water are loofed from 
one^another^ while ftijl the, whole Surface of 
the wjetted Glafs remains covered over with 
Water. 

3. The Adhefion of Liquor to the Sides of a 
capillary Pipç is fo much the greater, becaufe 
the Column of Liquor being more fine, touches* 

• t . • 

^ Mciii. de I'Acad. 1724.. p. loi. 
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them in a krger Surfafcè tvîth Refpea to itt 

. 4. The Adbeôoiy t<> the Sides of the Tube 
àimiqiihas the rdative Griavity of the adhering 
Column^ fiiïce it hinders the Particles of this 
Golpœn from pdfidftrariDg aa freely upon the 
Bottom of the Vei&Ij as the Columns fufround- 
log it The CcAiiuâA - being dimin^ed m 
Weight yields to the Spring of the Aii' which 
k cdimiins in its IittérftiteS; smd tb the Neigh* 
bouring:^ ColumAs, ' and afeends until it be in 
aa Mquilibrium ^h them by' the Ètcèfe of 

i&i a Word^ ta|iè aiway the Â(âlefibn and you 
hiixler :or diminifh the^ Eievatioin. If one cover 
dac infide of thé Tube with a Lay of very 
thin Tallow, the Water does ndt pàft the Le- 
vel of thé other Colunlns} if it be not Covered as 
Eu- as the Level , the Water aifechdé stbove it 
to its ufoal Pôîflt. Cover precifely one Side, 
and the W^er does hot paÀ the Level on that 
£^, but on the other. 

The Air coiftained (n the Column which is 
elevated, finding itlelf relieved by the Adhefî-* 
on of the fuperiof PartSj bears them up by di- 
lating itfelf, and carries thofe above the Level 
with it, froth which k cannot wholly difen- 
gagé i^l£ The Vifcofity, Texture, and Ho- 
mogebeoufnefe of the Parts is the Caufe why 
they are united, and fuflain one another, 
whenever they can touch j toudiing one an* 

other 


oîbef itt. a Iwger JScwrfîaiœ^ they' Icaw* tbdiloe 
. Fluid cq.pÉrblx?j;Qf opppftog: dhcfar pnicMb':;; .- 

Bdôrfe .the • Expof ktoem/ ■ iviét the in^biel 
lh€^ Fip^, dj«c Water afi^ûdè. dae-mbre/- ) It;^ 
icefiqs more or Ida in^Propoction) to dop Tci^ 
cure of ks ^cts^ thdir .Hoiwi^Qiuntjr itt Axih 
ja^efion >^ ,thft Parts of .the .iQlbfs, ajad.tfie:iii^ 
^lerml Air». Beme'Watfijr^ibmerimQs siibe 
ihrejB or four locfae^ above, ifis Levetsi- ^hile 
^llghccrXiquçffs are elevacèii: much. le&. &a«- 
fceuKib hîghâr m Tubes tsârxim^r^BiàsÉksMe^ 
in w^à tho: Çbhimos ^tcimore éiifijpqrtik^ 
having a larger Surface i» »ft^rdr jcif Jtfedr 
JVIa&. / TbQ ;W«ter a]£> aieaudb. faighéd ' la 
Tubes^ whids are ipoiic jdudged tnb W«tën 
hecai^ a greater Part.of the ctovaocdf Gohmm 
is aiaainod hyan boatder ColLimo, compbfQid 
of Air aittl Water; a Ca& norhicfai oamiot faeiu^ 
jlkined b^ tee Imqiflâii^ qif fcbo Proiiifdaf !i>iw 
exœnimiAk. • 

Moi^Krèî^ijt k veîy profaaUe^ as Mii&il^kiU 
r^ cctt^aéturôs ^ that the Ma^^tip Fârtùe of 
fiodifa does ôof only ns^â id» IxiaMonci 
Iroa» asid fame ochisr dearie Bodies, but <&« 
snoft Part of Bcdiesf, afper a Manner mare or 
kfs perceptible. If they have their Acmo»* 
^ere orForttsc of fiiibdk Rlattov^ which: ftsvré 
Ircm their Bovcs^ thoiH ^flncb ^I aHosd Ai^ 
cda to tlœ £ûa0 MatCQty luudwhoa Yqcdoes 
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^îll linîtc into one common Vortex^ will attrafâ 
one another^ or being placed againft one an-< 
ocbér, they will inunediacely join and ftick to- 
gether. Other Bodies by a contrary Reafon 
win repel one another^ ornot join immediately! 
•lior itick together. ^Hence Water wets Glafi, 
•biit Mercury does not. Hence two Drops 
of Water are confounded with one anothef , 
^heneyeir they approach^ or in their firft Con- 
t$â;^ the intermediate Air being expelled by 
jthe fuhtile Maner. which pafles from the one 
Drop into the other^ runs off; and there is no 
ihdre Mquilibrium. 
\ The: expell'd Air flows back, and being joint- 
ed with the Air behind it, is ftronger than the 
intermediate futKile Matter, which pafles free^ 
ly through the Drops of Water; it puihes and 
unites thetn into one. Hence Water afcends 
more.iwiftiy and higher in the capillary Pipes^ 
being wet. Hence, in a Word, Mercury docs 
hot afcehd above the Level in capillary com- 
municating Tubes, having no Cohefîon veith 
the Gla& ; and it alfo remains below the Le- 
vel, becauie in Order to pais from the larger 
Tube into the fmaller, and to afcend in it, it 
is divided with iiiuch greater Difficulty than 
Water. Perhaps alfo becaufe an Atmofphere 
of iîubtilê Matter^ wfakh comes out of the fmall 
Tube,^ finding.ia the capillary Columa of Mer- 
cury a larger Surface in Proportion to its Mafe, 
detacher it more, and gives it more Freedom 

to 
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to defccnd , than the Mcreuiy of the larger 
Tube had. 

Arift. I ' now fufficiently underftand the 
playing of the Syphon it) a Vacuum. Thxçc 
Principles independent upon the prefent Aôî- 
on of the Air's Gravity make it pl^y 5 the Ad- 
hefion of ,the Column, which anfwers to the 
Syphon, ^nd renders it lighter than the fur- 
rounding Columns > the Spring of the Air con- 
taine4 in jthjs Çolupin, and the Homogeneouf^ 
nefs of its Parts amongft themfelves, and .with 
thofe qf the Glafi. Thefe Principles caufe the 
Elevation pf fhe Liquor in the Syphon as far 
as tl^e Curya<ure in the firft Branch, as in the 
capillary Tube ; and the Weight of the eleva>* 
ted Cofumpi feconding the internal Air and 
the PrefTure of the neighbouring and viâorious 
Columns y makes it faU through the fécond 
Branch. 

Eu4^ But why dp we fpmetimes fee. very 
fmall Syphons ftop , in /TtfCtto > ? . .. 

Arift. They ftop, when grpfs Bubbles of di- 
lated Air Jiappening entirely^ to cut the fnlall 
Streams of Liquor, hinder their Parts. from 
joining and making a Weight capable of 
dragging the liquid Column out of the Sy-^ 
phon. . -^ - '*' 

Eud. Thefe fmall Syphons , which ftopi 
ipmetimes in aFacuum^ b^in again. to run 
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té'^etnkïvès tt^hëttever tbey are r^laced în tlic 
free Air*f. 

; : Ari/. ^httiévisf thcy arfc f èftèreà to the 
rfoè Air, the mtcrnal Aèr, wbofe^xctffive Di- 
' laiîbn hindered the flov^ing of the Liijoor, Js 
tonttssufted 5 the Separated DRjps 'ate ^united a- 
-f^in; bemg imited': tfeey drag tine aftother 
-dnoQgh ^«he ^tond Branch/ ^n<! make a 
-Woigm Ga^ab!cf*ff oVèPcortiingthe Refiftancc; 
^nd the Syphon -ïtinô again as long as it is 

EuÂ 'LiquoTi àfê dlffufed in Stuffs, becaufè 
they are fodl o<l oaj)nkry Pipes, 'of fmaîl Sy-^ 
fdions. The Knowledge of the Mechanifhi of 
^beû^'fPMtW 'Syffkbtïs leads œe to underhand à 
iwt«y corious Ejtperrnient. I foak feparately 
WW) Slipfi of vvfeited brown P^r, the one in 
UVimej a^nd the other 'in Oil Then Ï mix to- 
gether the Oil and Wine as wçU as poffiMe, — 
fe-the& liquors'bemg ttiixed, Ï dip one of the 
Ends of each SKp trif whited brown Paper.— 
The other, ^îch Is the kmger, tomes out 
petCihg oytr the Btkn of the Vefle!,—. You fee 
iiht IVinie afcend -arid cortie'out of the Vcflcl by 
*e Fïfcrc imbibed wit> Wine, ahd the Oil by 
ûfÉ^ I^bre hïïHbed with 03 5 e»ch only atiraft- 
ing that Species of Liquor, with which it is 
îqiî^egnated. t • ; 

i :^ryt. CMI aïKÎ Wîné Btt hetérdgeneouiî Bo- 
dies, whofe different Texture hinders their Par- 
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.tides from uniting together, . and from touch- 
ing one another immediately and nçar enough 
to drive away the Fluid which may repel 
them. Perhaps alfo they have different At- 
inofpheres which repel them. Hence, when 
the Wine encojontçi? the JSlips impregnated 
with Oil, it is repelled inftead of finding any 
Hold, and freely communicating to the Oil 
that Preflure which it receives from the late* 
irai Colvimns, and thp Spring pf the internal 
Ain The Oil has the fame Fate, when, it 
ftrikçs 9gainft t^e Slip impregnated with Wio^» 
But does the Wine encour^t^r the Filtre thftC 
kas imbibed the Wine? The homogeneous 
Parts of the Wine touch one another imme- 
diately, are united, and faftened together, with* 
out leaving between them any Fluid which; 
might oppofe their Unions the. inferior Parts 
being pufhed upward by the neighbouriog Co- 
lumns of Wine, and by the Spring of the in-' 
teroal Air, as in the csipillarv Syphons freely 
pufli the fuperior Parts as rar as theGurva-* 
ture ; and at laft hurrying one another alopg 
by their Weight, th^ defoend through thèf 
longer End; by the feme Reafon Oil runa 
through the Filtre impregnated with Oil. Thu^ 
die Filtration fepanftes two Species of Lr<juors, 
Euà. What has beeft hitherto faid^ Arifius^ 
in our various ConverâiUQps may ferve to make 
us comprehend what cpnccrns Fire* 
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Conversation XXVI. 

■ • * * I 

Upon Fire*. ' . 

Artfl. TT is cold, and I am glad to meet 

jL ^^^^ y*^' EudoxuSy , before a good 

Fire. • But I think I fhould find ftfll' much 

more Pleafure in warming J my fclf, as you do, 

like 

• «• « -♦ • - • . 

♦ Ai to the Nature of Fire, • there -is a great Diverfity^- of Opi- 
ràoTiB txopnz. th^ mod^n) PhilofopHersi jibme cohtenduig that it i& 
ibrmed fuch originally by the Creator hi mfelf, at the Éegînning 
ef Thmgsi others that it '^ is. mechanically producible from other 
2odi^ by' inducing fome AlUratidm in the Particles' thei^eof, the! 
former is maintainjed by Homberg, Boerbavey the yqaxi^tf Lèmery^- 
and S^Gravefande i the latter is chiefly fupported by the EngUp. 

It would be too tedious to m^e Q^otatidns out of- each of tfiefe 
Authors, therefore war ftalj qont^t xmr- (elves with but two pr 
three >on each Side of the Queftion. 

i. yL.'Hmhtrg,'\n\mEJfki âirfk^^ holds, ^Thit 

^' thephyjiocal Principk ûrrEleîftôfilîSuliShûr,' wJiichisfojjpofed 
*' oi^Ç oÇ the ûmple, prinury^^pre-jg^ûent. Ingredients of all pa- 
** tural Bodies^' is real Fire"; and conîequehtly that fire, is coeval 
f with Body''* -Mem dé Mç4d;'i^'.:Î7ô5. ^ - -i" 

'Dr.S'Qréiv^ffinile goes {Qvç^ gnj^rfemc Iteici^: /^x^irê; 

açcoi'ding t9 :him, éntws the Çoppolition of all Bodies, is 

contain^ in all Bodies'; âûdinay'be feparated, or procured 
^ Xiom all:Bodies, by ruttbitq^'thim againll eadi other, abd thus 
*« putting their JPitc iv^.^^V^y ^t:F^ire, ,hea^,4sby no 
*• Means generated^by fuch Motion*^. ' Èlem, Fhyf '^ 

Again, " Fire, fays the fame Author, naturally unites itfelf 

with Bodies; And hence it is that a Body brought near to the 

Fire growf hot; in whi(^ Caff it alfo expands or fwells; which 
;. '!: V t:*^^ ^ U <. « Expanfion 
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like a Philofdpher, and if I knew tHe Nature 
^ Fife, what produces it, what maintains it, 
and how it is extinguifhed. 

Eud. 


4i 


éi 
ft 
«( 


Expanlion is not only obferved in very folid Bodies, but in 
thofe whofe Parts do not cohere ; in which Cafe they likcwife 
acquire a great Degree of Elafticity, as is obferved in Air and 
Vapours'*. Uid. 
On the other Hand : " In the Production of Heat, ûys Mr. 
** Boy ley there appears nothing on the Part either of the Agenjt 
** or Patient, but Motion, and its natural Effeéb. When a 
Smith bridcly ^mmers a fmall Piece of Iron, the Metal there- 
by becomes exceedingly hot; yet there is nothing to make it 
fo, except the forcible Motion of the Hammer, impreffing a 
" vehement, and varioufly determined Agitation, on the fmall 
** Parts of the Iron, which being ^ cold Body before, grows, by 
'* that fuper-induced Commotion of its fmall Parts; bot: Firft ia 
^ a more loofe Acceptation of the Word; with Regard to fomc 
*' other Bodies, compared with whicl^ it was cold before : Then 
** fenfibly hot; becaufe this Agitation furpalFes that of the Part» 
*^ of our Fingers : And in this Inftance, oftentimes, the Hammer 
** and Anvil continue cold, after the Operation; which fhews, 
'* that the Heat acquired by the Iron, was not communicated by 
'* either of thofe Implements, as heat ; but produced in it by a 
** Motion, great enough ftrongly to agitate the Parts of fo fmall a 
** Body as the Piece of Iron, without being able to have the like 
'* Effeft upon fo much greater Maifes of Metal, as the Hammer 
*' and the Anvil. Tho' if the Percuffions were often, and brifk* 
ly renewed, and the Hammer were fmalj, this alfo might be 
heated. Whence it is not necel&ry, that a Body itfdf ihould 
be hot to give Heat. 

If a large Nail be driven by a Hammer into a Plank of 
'* Wood, it will receive feveraj Strokes on its Head, e'er it grow 
** hot ; but when it is once driven to the Head, a few Stroke 
fufficc to give it a confiderable Heat: For while at eve- 
ry Blow of the Hammer , the Nail enters ferther into th€ 
•* Wood, the potion produced is chiefly progreffive, and is of 
** the whole Nail, tending one Way ; but when the Motion 
** ceafes, the Impulfe given by the iStroke^ being unable to drive. 
** the Nail farther on, of break it, muft be fpent in making a va- 
^ xïoMs^ vehement^ and intelUne Comniotion of the Parts among. 

*' thcmfclvcsi 
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Eud. Hereîs toy BcmimçfA upon chat Head 
jp Whac is Fire? It is a Body eowpafed of fub- 
tile Matter and grofier Particles» agitated b^ 
ibbTubtile Matter with a rapid and uni^erfal 

Motion, 

*• thcmfclves; wherein the Nature of Heat confiHs. Muh, Prûr 
"duc, of Heât and Cold, 

Agreeable to this is the Opinion of Sir If. 'Newton^ who con- 
ceives that " grofs Bodies may be converted into Light by thp 
Agitation ot their Particles; and Light again, into grofs 'Bo- 
dies, by being fixed therein. 

Again, " Fire, according to him, is only a Body much igni- 
ted, /. e. heated hot, as to emit Light copioufly : What élf(^ 
fays he, is a red-hot Iron than Fire ? And what elle is a burn- 
ing Coal than red-hot Wood? Or Flame itfelf than red-hot 
** Smoak ? Tis certain that Flame is only the volatile Part of thp 
** Fuel heated red-hot, u e, fo hot as to fhine : And hence only 
*• fiich Bodies as are volatile, /. e, fuch as emit a copious Fume, 
** will flame; nor will they flame bnger than they 'have Fume tQ 
•* burn. In dillilling hot Spirits, if the Head of the Still be ta- 
*• ken off*, the afcending Vapors will catch Fire from a Candle, 
*• and turn into Flame. So feveral Bodies much heated by Moti- 
" (Ml, Attrition, Fermentation, or the like, will emit lucid 
** Fumes, which, if they be copious enough, and the Heat fuf- 
ficiently great, will be Flame ; and the Reafon why fufed Me- 
*' tals do not flame, is the Smallnefs of their Fume ; for that 
Speltre, which fumes more copioufly, does llkewife flame. Ad4 
that all "flaming Bodies, as Oil, Tallow, Wax, Wood, Pitch^, 
Sulphur, £«fr. by flaming, waile and vanifh into burning 
*• Smoak. 

And do not all flxed Bodies, when heated beyond a certain 
Degree, emit Light and fliine ; and is not this Emiflion per- 
formed by the vibrating Motion of their Parts ? And do not all 
Bodies, which abound with terreftrial and fulphureous Parts, 
emit Light as often as thofe Parts are fuf&ciently agitated, whe- 
ther that Agitation be made by externalFire, or by Friflion 
or Percuflion, or Putrefadlion , or by any .vital Motion , or 
any other Caufe ? As for Inilancc, Sea- Water in a raging 
Storm, Quickfllver agitated in Facuo^ the Back of a Cat, or 
*' Neck of a Horfe obliquely flruck or rubb^ in a dark PÎàcç, 
"'Wood, Flçfli, and Fifti while they putrifjr. Vapors from pu- 
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Motion, with a Motion upon their Center, and 
^ith Vibration, i. Fire is a Body; one fees 
and toïiches it. 2. This Body is compounded 
of fobtile Matter 5 for in a Word, it penetrates 
ïhc bardcft and moft folid Bodies. 3. It con- 
tains more grofe Parts, fince it diflblves and re- 
duces the moift malfy Bodies to Powder. Could 
the fubtile Matter alone produce fo fenfible 
EfFeds, finding free Paffages through the ilrait- 
'*fl: Pores? 4. Thofe grofs Parts are agitated; 
they do not move without being moved. ^. 
Their Morion is a rapid Motion ; the imper- 
ceptible Parts of themfelves, each one in Par- 
ticular, would not make fo great Havock if 

• 

t* trifyîng Waters, nfiially called ^nesfatuu Stacks à^ mwll Hay 
^' or Corn, Glow-worms, Amber and Diainonda hf rubbings 
** Scrapings of Steel, ftruck off with a Flint. Iron hammered 
•* very nimbly, till it beœme fo hot as to kindle Sulphm" thrown 
«• Upon it; the Axle Trcci of Chariots taking Fire by the rapid 
" Rotations of the Wheels; and fome Liquors mixed with oae 
" another, whofe Particles come together wifti an Impetus, as 
^ Oil of Vitriol diftiUed from its Weight of Nitre, and then 
** mixed with twice its Weight of Oil of Anifcteds, lie. 

*' Are not grofs Bodies and light convertible into one another, 
•' and may not Bodies receive much of their AéUvity from the 
^ Particles of Light, which enter thdr Compoâtion? For all 
** fixed Bodies being heated, emit Light fo bng as they conti- 
^* nue fufficiendy hot, and Light mutually ibps in Bodies, as of^ 
** ten as its Rays ftrike upon their Parts. I tnow no Body lefi 
*' apt to Ihine than Waiter, and yet Water^by frequent Diftilbti-* 

ons changes into fixed Earth, as Mr. Boy/e has tried; and then 

this Earth being enabled to endure a fufficient Heat, fliines by 

Heat like other Bodies**. Optieks. 

As to Bterhovis £xpesiments for the Proof of elementary Flre^ 
we muTt wait till he Ihall oblige the World with his Chymiftry : 
in the mean Time whoever has a Mind to fee more ^poli this 

the 
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the Rapidity of their Mot^n did not yield any 
Affîftance to their Smaline&. 6. It is an uni- 
vcrfal Motion. Draw near the Fire on which 
Side you pleafe, you will flill feel its Ââ:ion. 
7. A Motion of Particles upon their Center; 
for tbofe Parts, at leall moft of them, having 
their Extremities unequal and differently mo^ 
ved, muft neceflarily turn about, at leaft moft 
of them, upon their Center. 8. Finally, this 
Motion is a yibratory Motion, by which the 
Part5 go and return. When turning about 
Upon their Center they prefent the Point to the 
Majtcir which furrounds them^ they pufli it; 
when they prefent the Sides, they fuffer it to 
return upon them with Impetuofity. Hence 
thofe Parts come and return, fometimes viéto-* 
rious, and fometimes vanquifhed. Here is the 
Idea of terreftrial Fire ; an Idea which agrees 
to the Sun itfelf, fihce it enlightens, warmsi, 
iparkles and {hines like terreftrial Fire. 

There is a fort of Fire more compaâ:; fuch 
is a burning Coal ; and a Fire more fubtile and 
light; that is Flame. The firft is a Fire, whofe, 
Parts are not entirely feparated. The fécond 
is a Fire, whofe Parts being wholly feparated, 
are darted out freely on all Sides, The burn- 
ing Coal is a more violent Fire than Flame, 
becaufe it contains a greater Quantity of grols 
Parts, which confpire to the fame Effeét. The 
Force of Motion proceeds from the Mafs as 
well as from the Velocity ; and if there is fome 
Excefs of Velocity in the Parts of the Flame, 

the 
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thé Éxcefs of Mafs furmounts it in the Parts of 
the Coal. 

By the fattiè Rcafon, Flame \i fometimes 
ftronger, and fonietinies weakfer^ It is ftrgng- 
er, when it contains a greater Number of gro(s 
Parts, ,âs the Flame of green Wood; and wealc- 
fer, when the Parts, which compofb it, are 
more niinûté arid fihe, as the Flame of Spirit 
of Wine. Why does the Flame of Spirit of 
Wine flow upon, Paper, without burning it? I 
drench my Fingers in this Liquor: I hrin|; 
them near a Wa^-C^ndle. You fee thetri oh 
Fire. This Fire is fcarcely perceived, becàufe 
the Particles of the .inflamed Liquor are fo fin^ 
and their Forces foUttlc united, by Reafon of 
their Separation -and univerfal Efforts, thati 
notwithftanding their Velocity^ they have not 
Force enough to divide the groft Parts of the 
Paper and Hand. 

2. What produces Fire? All Bodies whofe 
Motion fhakes, feparates, , and difengages the 
imperceptible but ramous Parts of a coihbuiti-^ 
ble Body; fo that thofe Parts being difengâge4 
and feparated may follow the rapid Motion of 
the fubtile Matter, which Aides betwixt them; 
and furrounds them. By the Definition of 
Fire, it confifts m the Aâion of thefe two Spe- 
éîeàof Matter; one of which obeys the impe- 
tuous Motion of îthc other. Hence; Fire, thé 
Friâtion of certaia hard Bodies; IVJoiflture, an4 
Water itfclf produces Fire. 

Fire 
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Fire- produces Fire ia three Sorts of Bodies»; 
in ibft Bodies, as Wax; in liquid Bodies, as. Oil 
and Spirit of Wine ; ' and in hard Bodies, as 
Wood. Fire, I fay, produces Fire in tbefe 
different Species of Bodies, by feparating^ their 
Parrs by its Irruptbn into their In terftices, and 
joining its Aftion to the Efficacy of the Spring 
of the internal Air, and to the Motion of the 
fubtile Matter, which encompafTcs the iniper- j 
ceptible Parts of thofe Bodies* Do the Parti- f. 
des of an igneoijs Body, for Example, happe® 
to ftrikp againft Wood ? They ihake the Parts 
of the Wood by their Agitation, difbngage, de- 
tach, and put them into a Condition of com* 
plying witlx the Motion of the fiibtilç Matter, jj 
give Entrance to fome new Matter of thisSpc- 
ties, and iecondthe Spring of the internal Air 
which plays , and by fetting itfelf at Libertjf 
breaks Thoufands of fmall CeUules^ which re- 
tained it as imprifoned; thus the Pares of t|;ke 
Wood are in a rapid and confufed Motion, aofi 
the Wood is fuddenly changed into Fire. 

Dry Wood catches Fire fooncr than green j 
becaufe the Fire, which eafUy infinuates itfelf 
into the Pores of the dry Wood, in which it j 
finds nothing but Air, can fcarcely get into the \ 
Interftices off the green Wood,^ w|iere the Wa-^ 
ter does not afford it ib free an AcceÊ. Ba( 
why does Wood that has ffoated kindle more 
çauly than new Wood? Becaufe ia Floac-^ 
wood the Action of the Sulphurs, wbofe . 
imperceptible Parts are furrounded with 
,7 much 
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much ftibtUe M^Oir, and which ar fkâ Vàkf^ 
Fir«, is no bngçr çiodtrated nor bridled^ jrf I 
esM^ fo hy^ by ch^ Saits^ whofe Solidây reîardfi 
the .MechaniTm oS the Solphqr^ ii;i the ncvf 
Woodv In Gàf^Xy Float-wood \dk% its Sales by 
the* Lycr which is foAa^ of âiçm . 19 the W^ 
ter ; whence it cpni^ to pais that the Afhej of 
^oat^wood: arts not proper for :whitenÎ0g 
Lmncnu 

If the igp&)\» Parts are whoUy , fepara»di 

^od faa^ Forçai eooMgh to repe) the fu^roimVi 

log Fluid to à certain Difl^nce» it is a Fiaoiie 

which iflues out of the Bdgtix of the Wood 

Are they not tiitirciy feparatod, or haw they 

not Force eikoMgU to diâipacë themièlvè^ bji 

removii^ the Fluid which encdn^p^fies them ? 

It is a burniog CoaL Strike th? Sceel: Somo 

froall Particles ,Qf Steel or Flinty which were 

ibrrounded wkhiiliKile Matter» andcontraâed 

Air» are ûyààctAy difengaged Al)d Cached bgr 

the united Foroc3 of the Hand, ^he Spring of 

the Air, and the fubtile Matter i and tumkig 

round with Rapidity upon their Center in thtt 

Middle of this Matter,, they fly out and msih 

Sparldbs fhine to the Eye» hke thofe which are 

mrted out firom a Flame»* m which you let i&ll 

Filings of Iron. Do you doubt whether the 

Sparkles» which feem to leap out from the Bo- 

Ibm of the Flint» can be any Thing dfe but 

^all m^cd Particles of Steel, or of Flint it-, 

ielf, violently agitated? Receive them upon 

fome white Papery and with a Microscope you 

will 
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will fee the Truth. By, the faiôe ï^rîndpîev 
Wood of Bambou (that is an Indian Wcîod) 
gives 'Fire, like flint Stones, when they rub two 
Pieces of this \yood againft orie another *. 

If one (hut up Hay while vck(À% the ter rc- 
ftrial Spirits, with which -it is ftili imprégna^ 
tbd, difengaging themfeives more and more by 
the Favour of the .Spring df thé internal Air, 
and the Stroke of the fubtile Matter, come at 
liiiii to fwiih freely in this Matter; and being 
hurried along by their rapid Motion they break, 
tfaruft, and diffipate all the fmall Parts of the 
Hay; thus Hay is fet on Fire. 

Pour Water upon Lime: Tlie Lime heats 
and inflames. Why ? When the Lime is made, 
the Heat breaks the Fibres of the Stones in 
Calcination, works out new Pores, and enlar^ 
ges the former. Thefe Porcs^, thefe Interfti- 
ces are filled with fubtile Matter and igneous 
Bodies. When the Lime begins to cool again^ 
the external Air penetrates into very many of 
ihc Po#es, and condenfes in them by thefink^ 
jufe down of the Parts upon one another. The 
Air, the fubtile. Matter,- and the Particles of 
Fire, ftrive to diflblve thofe Parts: Had they 
feme more Degrees 'of Force, the Solution 
would happen. Pour on Water : The Matter 
of the Lime being extremely dried up, receives 
the Water, which is poured on it,, with a Sort 
of Grecdinefe. The Agitation of the Watery 

■ 
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which penetrates it impetuoufly, diiengages t]|;^e 
Parts of the Fire, renders them viétoriôus, iand 
furniûies ncccffary Degrees of Force. The 
Parts of the Lime being forced to yield, are 
wholly fcparated: Being feparated, they are 
darted out on all Sides without being entirely 
diffipated, becaufb the external Air, which fur^ 
rounds them, does likewiie retain them 1 and 
this is an Ebullition, a fenfible Heat> a Flame^ 
which (hines to the Eye. 

In vain would you attempt to kindle a com« 
buftible Body in «a Place void of Ain Tli^ 
burning Gh& does not kindle Sulphur itfelf in 
an Air-'Pump, out of which one has pumped 
the Air ; becaufe the Parts of the Sulphur be^ 
ing violently agitated, as they are not retained 
by the external Air, are too nsuch diffipated to 
make a ienfible Flame. Neverthele£ if yott 
add Sak-petre to the Sulj^ur, the Sulphur in- 
fkimes^ becaufe the Salt-petre hinders the exr 
ceffive Diffîpation of the Sul|diur. 

Arift. Thus the Fire is kindled ; the Bufi^ 
BeÊ now is how to maintain it; its Parts being 
^tated endeavour to diffipate, and they pa6 
away kt Smoak» wiiesi they have loft a greac 
ileal of dieir imitation. What id it tint fup« 
ports the Fire ? 

End. All Bodies which furniûi it with Pu«f^ 
in Order to repair the Lofs which it has made, 
as Wood, or whidi binders die Diffipacion o£ 
its Parts^ as Aihes and die esaernal Air. Fire 
is principally nourished with grois^ Bodies, 

VOL. I. Bb which 
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which contain Plenty of Salts, Salt-petre, and 
Sulphur. Has Wood loft its Salts by floating up- 
on the Waters? The Fire of it is the lefs ardent, 
although the Wood burns with great Velocity 
on that Account ; and (ince Fire, when it is 
ardent, penetrates the hardeft Bodies, it muft 
have. round or pointed Particles, as thofe of 
Salt-petrc. The more Sulphur combuftible 
Bodies have, the more eafily they kindle. Are 
they without fulphureous Particles, as Water 
and Afhes, thçy fcarcely bum. A kindled 
Coal does not fail to be pre&rved under Afhes 
without new Fuel ; becaufe the Afhes hinder 
its Parts from being wholly detached and diffi*- 
pated. 

By the fame Reafon, the Air contributes to 
the Prcfcrvation of the Fire, which it furrounds. 
Why is Fire hotter in Winter ? Becaufe being 
furrounded with a thicker Air, it is lefs difli- 
pated, A Wax-Candle is quickly extinguifh* 
cd in an Air-pump, in which the Air no long- 
er oppofes the Diffipation of the Flame. 

The Flame of the Wax-Candle owes its Pre- 
fervation to the PrefTure of the free Air. The 
free Air by its Weight and Spring preflTes the 
fmall Parts of Wax divided by the Heat of 4he 
Flame ; thefe Parts being comprefîèd afcend by 
the Wick, as through an Infinity of capillary 
Pipes, into xhtFocuSy where the Refiftance is 
leaft, by Reafon of the fuccejflive and continu- 
al Departure of a Quantity of Particles, which 
pafsinto Flame: Thus Wax feeds the Flame* 

7 - .The 
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The Flame being violently agitated ftrives i<i 
diffipate itfelf ; but the lateral Air ftays its Ef-' 
forts. The Weight of this Air prevails againft 
that of the Flatne % and the Flame being light- 
er, afcends. In its Elevation, its Particles, ia» 
Proportion as they are farther diftant from the 
Focus^ and lefs perpendicular to it, give more 
of their Force to the Air, and their loft Forces 
are lefe repaired. Hence the lateral Parts of 
the Flame are diflipated, pais into Smoak, dis- 
appear, and the Flame terminates in a Pyra- 
mid ; a Figure v^rhich the Flame takes fo much/ 
the monc eafîly, becaufe this Figure is fitter to' 
divide thé Air, fince it communicates \tk Mo- 
tion to the fuperipr Air. The Flame of a 
Wax- Candle feems fometinies to bounds aug-' 
ment and diminifh in an Inftabt ; becaufe of 
the Tremolation of the Air, or becaufe it does 
not always equally receive Nourifliment. 

What I have fa id of the Wax-Candle, one 
may fay of the Lamp. , Is the Lamp upon the 
Point of being extinguiflied for Want of Oil?* 
The Flame is elevated, and its Light is there- 
by the more bright. That is becaufe the Aif> 
which detaches this weak Flame , bears 'it up * 
by taking it$ Place. The Effort which bears 
up the Flame, conimunicates ah Agitation to 
its languifhing Partides, which animates them^ 
and gives them that momentary Vivacity, to 
which they compare thôfe unexpeâed Mo- 
ments of Vigour I vsrbich makes us hope for 
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the Cure of a tick Perfon» whçn he is juÂ bcr« 
dering upon the Point of DesLth. 

Ariji. But finally, how is the Fire extin- 
gui(h^ ? The Queftion is to eninguiih it like 
a Philofophcr. 

Eud. The Fire is extinguished through want 
of Nouri(hmMt, or by tbs Excefs of a too vi* 
olent blowing , or by the A^on of Liquors 
which are not fulphureous; fcnnecinies by be* 
ing too compaâ, and fometimes by not being 
fufficiently compaâed> and at other Times 
becaufe moft of thefe Reafons happen to be 
united. i« Fire is extinguiihed for want of 
Fuel» becaufe the agkated Parts biè their Mo* 
tipn, and go off in Smoak» without others cck 
ming. to iupply their Place with this rapid A-^ 
gitatioQy In which Fire conMs. 2. Fire id 
extiftguiibcd by the Exceis of too violent blow- 
ing ^ becaufe exceiBve Blowing detaches the^ 
Flame ftom the combuftible Body^ which fur- 
nished it with l^ueL 3« Fire is extinguiihed 
by the Ââîon of Liquors, of Water for Exam- 
ple; becauie this fort of Liquor, by running 
into the Imerftices of lighted Bodies, Aay their 
Particles, whpfe Motion they ajSume, which 
diâipates them bto Smoak. Neverthelefs when 
the Fire is violent. Water only fbrves (om^^ 
times to ttïiàtt it more ardent, becauie it on- 
ly hinders the Diffipation of the igneous Cor** 
pufcles, and fumiihes Matter to a rapid Fire. 
nence, the Water wherewith Smidis befprin^ 
kb their burning Coal^ only ferves to inflame 

it 
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it ftill more. 4. Fire is extinguifhed in a 
Place too much confined; becaufe the Cor« 
pufcles of Fire lofe their Agitation in it, with- 
out being able to feparate chemfelTes. Thus, 
when one can get all the Vents of Caverns 
flopped, one e^eâually fmothers Fire in them. 
|f Fire lays bold on the Chimney, a wet Cloth, 
which you extend before it, is ca{)ab)e of po- 
venting Combuftkni ; Why ? The external Air^ 
which correfponds to idle Vent of the Chim- 
jEiejr, not being able to circulate, becaufe the 
wet Cloth leaves no Accels into the Chimney, 
hinders die kindled Sooit from extending itf^f, 
from communicatii^ \\& Motion, and from ii^ 
^ing out; it flyiotha'S it; or elfe the kindled 
lldatter is detached, but being too weighty to 
fupport itfelf in the Air, becauie it is too much 
contraâed to dilate itfelf, and being ofily fo- 
jdaiined by an Air ftrongly rarified, it falls, and 
ii^ extinguifiied after havmj^ caufed fome vain 
Alarmç. ^^ Pump out the Air from the Air- 
pump, whenever the Fl^me in it is no longer 
compreâèd by the Air to a certain Degree, it 
is diffipated and di£ippears. 

If what is faid of the Salamanders is as true, 
as it is probable, they extinguiih Fire after a 
fingular Manner \ StenOy a famous Anato- 
mift, affirms in a Letter written by him, that 
the Chevalier Corvini told him, diat having 
thrown into the Fire a Salamander brought 

' Journ. dc^ 5çav. 1667. 25. Avr. p, 94. 
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.from; the Indies^ it fwelled at firft, and vomi- 
.ted fome liquid Matter with which it exdn- 
^uiflied the Coals next to it, that it guarded it- I 
felf from the Violence of the Fire during the { 
; Space of two Hours, extingui£hing the Coals 
continually after the fame Manner, when they 
were kindled again, and that it was ftill alive 
jiine Months aften 

Whatever be in that^ the Secret which the 
'Germans have invented for extinguifliing of 
.Fire, unites together, and fets a working at 
the lame Time almoft all the Methods of ex- 
tinguifliing it«>. The Experiment of it has 
been feen in a Cave, and in a Sort of Barrack 
of Plank, built in the Fore-Court of the Inva- 
lids. The Barrack was built after the Faflii- 
pn of Foires St. Germain^ upon a fquare Plain, 
each Side whereof was about x8 Foot Its 
Height was about lo Foot, taking it from the 
JLiCvel of the Qround, to the Beginning of the 
Roofi which was elevated jfivc Foot* The 
Flame fpread abroad on aU Sides in the Cave, 
and in this Sort of Houfe, was fmothered all at 
once. Here is the Secret equally ûmple and 
ingenious. 

In the Middle of a Barrel full of Water, a- 
bout zz Inches in Height, and 13 Inches in 
Diameter, there i$ a cylindrical Box of Tin, 
almoft four Inches in Diameter, and which 
çgn contain about two Pound of Gunpowder. 

« Mem. dd'Acacl. 1722. p.> 14^. 
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The Éox is terminated by a long Neck, 
which pafles through one of the Bottoms of 
the Barrel. A Fufee contained in this long 
Neck can convey the Fire from without in- 
wardly. Should one have a Mind to make 
Ufe of this Barrel thus prepared, you fet Fire 
to the Fufee, and thruft forward the Barrel in- 
to the Fire as much as poflible. In a (hurt 
Time the Box and Barrel burft ; the Combu- 
ftion ceafes, if the Fire be not very vehement j 
at leaft the Flame is extinguifhed fuddenly, and 
the Combuftion becomes acceflible. Whence 
proceeds this fudden Extindtion P 

Arijl. The Powder being kindled, and find- 
^ ing Refiftance in the Box, Water, and Barrel, 
has Leifure to be inflamed and aâ almofl at 
the fame Time. Being inflamed, it is dilated 
prodigioufly, aâs univerfally, breaks the Box, 
ftaves the Barrel, makes the Hoops fly off, and 
ihoots out on all Sides an Infinity of fmall Wa- 
ter Spouts. The neighbouring Air, being e- 
qually comprefled on all Sides at firft by the 
Rarefadion of the Powder, flops the Circula- 
tion of the external Air from without inward- 
ly, contradls the Flame of the Combuflion by 
its Preflure, detaches it, and makes it quit its 
Hold, by the Quicknefs arid Livelinefs of its 
Aâion. The Air ifTues out; what remains, 
being extremely rarefied, no longer hinders the 
Flame from difîîpating. The Water fhot out 
on all Sides accomplifhes the fmothering of it; 
and wetting the whole Surface of the combu-' 
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ftible Bodies» it renders them inacceffîble to 
the Flame of the Powder, being weakened by 
the Excefè of its Rarefaflion. Thus the Fire 
is extinguiihed, according to the Rules of Phy- 
fies» by a Secret which unices together, and ibts 
9, working at the Êime Time almofi all the or- 
dinary Methods of extinguifhing it. But why 
does a Firebrand, when extinguifhed, throw 
out more Smoak dian formerly ? 

Eud. The SnK)ak, which jM-oceeds from 
Hindled Bodies, or from fuch as areextinguiih- 
ed,, is a CoUeâ:ion of grofs and feparated Parts, 
but which have not that Rapidity of Motion^ 
which Fire requires ; whether it be that they 
have oever acquired it, or that they have loft, 
it. The extinguifhed Firebrand throws oM 
more Smoak» becaui^ the Particks, which a 
rapid Motion before diffipated, are united^ ha-* 
ving loft a great deal of dieir Force, and com* 
pofe all together a Mais of grofs Parts, which 
pafs oft" in Smoak* 

Let us now kiiKlle again the extinguished 
Fire. I bring a lighted Candle near a Candle 
which one has extinguifhed, and which ftill 
itQoaks I the Flame goes in Search of it. 

jirifi. The Reafoa is^ becaufe the Flame is 
puftied. with more Force toward the Candle l^ 
the external Air, than it is pu£hed back by the 
rarefied Air, which is between it and the 
Candle. 

Mud. This Flamie quickly Lights the Candle 
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Arift. Bccaufe the Flame finds ftill in the 
Candle Particles ftrongly agitated, and which 
require no more , in Order to be inflamed a- 
gain, than a light Increafe of Agitation, 

End. I think, Arifius^ we know fufEciently 
the Nature of Fire, and what produces, main- 
tains, or extinguifhes it. Would you have us 
henceforth to fpeak of different Fires, the Fires 
which we fee upon the Surface of the Earth ? 
As for the FireS which one fometimes fees flu- 
ning in the Air, we fhall fpeak of them among 
the Meteors, 

Arijl. The Fire, which furprizes me moft, 
is that of Gunpowder. 

' Eud. Well, at the firft Opportunity we fhall 
entertain one another with this Powder 5 I fliall 
tell you its Origin. 

Ariji. I (hall fpeak of its Compofition 5 I 
have teen it made. 

Eud. We (hall next attempt to difcover 
whence its Force proceeds, and how the di- 
vers EfFeâs of this inflamed Powder are pro- 
duced. 

The Original of Gunpowder, its Compofiti- 
on, and its Efifeâs phyfically explained, will 
make up the Subjcâ of our next Converfâtioiié 
To Morrow at two of the Clock in the After- 
noon I fhall watt for you in the Garden of the 
ArJenaU 
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CONTERSATION XXVII. 

Upon Gunpowder. 

« 

Jpft. THHE Subjca which brings us to- 
\ . gether> Eudoxus^ has fomething 
frightful in it; and all its Ufefulnefs conûfts in 
overturning and deftroying. Neverthelefi it does 
not want its own Agreeablenefs. Begin, I pray 
you» with teaching me the Original of Gun- 
powder -f-, as you promifed. 

End. 


f The ordinary Account of the Invention of Gunpowder is 
fklfe, it being evident from the Writings of Roger Bacons com- 
monly called Fryar Baan^ virho flourifli«i about the Year 1226, 
that Gunpowder was well known to him: " Thunder and Light- 
ning, he tells us, may be produced by Art, for that Sulphur, 
Nitre, and Charcoal, which when fepârate have no fenfible 
Effe^ when mingled together in a due Proportion, and clofe- 
ty confined, yield a horrible Crack. A more precife Defcripti- 
on of Gunpowder cannot be given in Words ; and yet a Jefuit 
Barthol. Schwartz^ fome Ages after, has had the Gbry of th« 
Difcovery'*, V. Sbatti'i Cbemiftry, p. 1 7. 
• The Explofion of Gunpowder is thus explained by Sir Ifaac 
Mnaton, " When Gunpowder takes' Fire, it goeis away into 
'* flaming Smoak. For the Charcoal and Solphyr eaiily take Fire, 
** and fct Fire to the Nitre ; and the Spirit of the Nitre being 
thereby rarified into Vapor, rufhes out with Explofion much 
after the Manner that the Vapor of Water rufhes out of an 
.£oIipile I the Sulphur alfo being volatile is converted into Va- 

for, and aqgments the Explofion. And the acid Vapor of the 
ulphur (namely that wMch didils under à Bell into Oil of 
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End. To give that for certain which one e- 
fteems only probable, is impofing on the Cre- 
dulity of thofe to whom one ^aks. Accord- 
ingly, I only offer to you as probable, but as 
very probable, what I am going to fay of the 
Original of Gunpowder. Who firft found out 
the Secret of Powder in Europe ? How did they 
difcover it, and in what Time? Who firft 
found it, I fay ? It was not à Man, if we be- 
lieve an Author who wrote an Hundred Yeafs 
^o, and more. Poly dor e Vergil being afto- 
nifhed at the Fire, Noife, and fearful Crack 
caufed by the Inflammation of Gunpowder, ap- 
pears at firfl convinced, that Salmoneus himfelf 
could not find out the A(t of imitating the 
Thunderbolt fb well. In his Ailoniihment, he 
affirms ^, that the Devil, that Hell alone could 
invent a Secret fo proper for giving the World 




Fuiphur) cntring violently into the fixed Body of the Nitre, 
fets loofe the Spirit of the Nitre, and excites a greater Fermen- 
tation, whereby the Heat is farther augmented, and fhe fixed 
Body of the Nitre is alfo rarified into Fume, and the Explofi- 
" on is thereby made more vehement and quick. For if Salt of 
" Tartar be mixed with Gunpowder, and that Mixture be 
** warmçd till it takes Fire, the Explofion will be more violent 
** and quick than that of Gunpowder alone, which cannot pro- 
** ceed from any other Caufe than the Aftion of the Vapor of 
" the Gunpowder upon the Salt of Tartar, whereby that Salt is 
** rarified. The Emotion of Gunpowder arifes therefore from 
** the violent A6lion whereby all the Mixture being quickly and 
** vehemently heated, is rarified and converted into Fume and 
^ Vapor : Which Vapor, by the Violence of that Aftion, bc- 
** coming fo hot as to ihine, appears in the Form of a Flame"*. ^ 
OftUks, p. 317, 

m 

* Ub. 3. dc inv. rcrum. Cap. 13. 
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^ch ftrange Plumomena, and for deftroying 
Alankind. Notwithftanding having recover^ 
from his extream Aftonifhment, probably after 
having obferved that^ ûnce the Invention of 
Powder, War ieems not to be more murder- 
ing than it was in the Time of Cbarles MarteL 
who without either Powder or Oui> coverea 
the Fields with Dead; he was very willing to 
^ree to it, that a Man in his Fury might inr 
vent both Gunpowder and the Gun iifelE But 
at the faoae Time he condemns^ plainly and 
without Ceremony» the Inventor to preient 
his Head before the Mouth of theCannon, 
waiting» without moving his Foot, for the Ef- 
idSt mA Reward Qf his own Invention. He 
ordains him, without Mercy, to the Reward 
of that unhappy Perillusj who by the Appoint- 
ment of Pbaiaris, viras firft burnt in the brais 
Bull which he had invented for the Puniih-^ 
ment of Malefaftors 5 and the Reafon of fo fe- 
vere a Sentence, is a Sentence taken out of 
Ovid. 

Nequi emm lex aquior uUa eji^ 
^^àm necis artifices arte perire fuâ. 

For my Part, I cannot beliisvc that the In^- 
ventor of Gun-Powder was fo culpable. For 
in a Word, he was a Religious^ a Monk, a Fa- 
ther of the Order of St. Francis f , and a ikil- 
ful ChymilL At leaft a very confiant Tradi»- 

• t Obferv. clioifiei, t^t. T. X. à HalL 
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tîon affirmed it, more than a hundred Years 
ago ; it was faid in Verfc and in Profe, and 
Pancirollus * and Ju Cange affirm in their Wri- 
tings, that they were fa perfuaded. Now, it 
is probable that this religious folitary Chymift 
hardly meditated in his Retirement the De- 
ftruâion of Mankinds 

In fliort, how did he difcover the Secret of 
Powder? Without fearching for it. It was 
neither Penetration of Judgment, nor Malice 
of Heart, nor Defire of deftroyrng Men, nor 
the Rage of overturning Walls, or ranfacking 
Towns, that taught him the Compofidon and 
JForce of Powder, Chance, the Author of 
moft Difcoveries', made this to him. The re- 
ligious Chymift was a Phyfician ; and far from 
defigning to kill any Body, he was making up 
fome Remedies. If by that Means he labour- 
ed to make Men perifli, it was unknown to 
him. In furveying his Remedies he had made 
a Mixture of Sulphur, Salt-petre, and Coal, in 
a Veflel, Upon this Mixture he placed a 
Stone «. Then having Occaficm for Light, he 
ftruck the SteeL A Sparkle fell upon the 
Mixture, and the folitary Phyfician was much 
aftonifhed to fee at once his Mixture and Re- 
medies on Fire, the Stone in the Air, and 
ihot out with a Crack toward the Cieling. He 
cafily underftood what might be the Force of 

* Dc Tor mentis mural. » Du Cange, T. I. 579. Pan- 

cirole, dc Torm. toui. p. «84* -, 
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a Powder compofed of Grains, wherein Sul- 
phur, Salt-petre, and Coal fliould be predo- 
minant; and this is what they call Gunpowder, 
becaufe when they knew its Force and Pro- 
perties, they quickly charged Guns with it, 
which made Streams of Blood to flow contra- 
ry to the Intention of the religious and inno- 
cent Inventor. 

Neverthelefs he who invented it was not the 
firfl: that knew how to make Ufe of it. But 
one of his Brethren, à Chymifl; like himiel^ 
found out this Ufe equally profitable and fatal. 
The Invention of Gunpowder is afcribed to 
Roger Bacofi an Engliftiman, and the Art of 
ufing it to Bartold the Black, a German <>, both 
the.one and the other probably little converfant 
in the Bufinefs of War; but learned Chymifts, 
who both equally concurred in the Recefles of 
their Solitude, to pour out and to fave hu- 
mane Blood, perhaps without thinking on it ; 
for fince the Invention and Ufe of Gunpowder, 
fo much the fewer Perfons have perifhed per- 
haps in Batdes, as there is more Noifb made 
in them than was made before the Ufe of Fire- 
Arms. 

But in what Time did they find out this 
Powder and its Ufe, at prefent fo famous 
throughout the whole Univerfe ? It is difficult 
precifely to fix the Epocha of it. But it is 
probable that it was in the Beginning of the 

o Obferv. choif. & Sçav. T. lo. 4 Hall; Obferv. 12. 


upon Gunpowder. - 383 

14* Century, and much fooner than many Au* 
thors have believed it. If we have no Monu- 
ments before this Time, which make Mention 
of Gunpowder, and if we have one of the Year 
1338, which evidently (hews that they made 
Ufe of it in 1338, in the Sieges of Towns, one 
ought, I think, to refer to the Beginning of the 
J 4*^ Century both the Invention and Uic of 
Powder. This Invention and Ufe well de- 
ferved to find a Place in Hiftory; and proba- 
bly fome Time before they ufed it in attacking 
Places, they had found out both Powder and 
the Art of ufing it. : 

Now, I. There is no Mention made of 
Gunpowder in the Monuments previous to the 
14th Century ; I fay it at leaft upon the Tefti-. 
tfaony of Mirécy Poly doré Vergil^ and Maria-- 
na^ who afTures us that before J 343, he had 
ièen no Trace of Gunpowder in Hiftory. 

2. We have a Record which proves evicfent- 
ly, that in 1338, they made Ufe of it in Sieges: 
For in the Chamber of Accompts of Paris^ in 
an Accomptof 1338, they fpeak of Expences 
made for Powder necefiary to the Guns, which 
were before Puy Guillaume^ a Caftle in Au^\ 
vergne. Therefore it is probable that the Be- 
ginning of the 14^^ Age ought to be the Epo- 
cha of the Invention and Ufe of Gunpowder. 

In one Word, a religious Chymift having ca- 
fually made a Spark of Fire to fall upon a Mix- 
ture of Sulphur and Salt-petre, which took 
Fire, and mot up the Stone with which it was : 

covered, 
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covered) found out the Secret of Powdo* ; an* 
other religious Chymift found out the Uib of 
k; both the One and the other are found to 
have been in the Beginning of the 14'^ Centu<» 
ry. Such is probably the Original of Guxv- 
powden What is the Compôfition of it ? 

Jfrijl. We fee every where, Eudoxus, what 
forms the moft marvellous Mixtures; the Qi^ 
fHon is only to know how to match them co* 
getber. But this is exadtty the Point of Diffi- 
culty» which Chance fooner furmounts than 
the Effi>rts of a profound Medication. They 
had ken in all Ages Salt-petre^ Sulphur, and 
Coal; and yet always befere the 14'^ Century 
they had probably been ignorant^ at kaft ia 
Europe^ thatCoal^ Sulphur^ and Salt-petre be- 
ing befprinkled with Water, mixed, pounded, | 
bruiied) beat together in a Mortar, then made ^ 
to pa& through a Sieve, and divided intoGlo* 
boles, ought to make Powder, which would 
dirow down the Walls of the llrongeft Places, 
make Warriors, Baftions and Towers, to whirl 
about in the Air, and in one Inftanc carr^ 
Death farther than a Quarter of a League* 
NoW) this Powder, fo long a Time unknown^ 
and notwithftanding £> poiwerfid, this Powder 
compounded of Salt^petre, Sulphur» and Coal» 
^ Gunpowder. 

/ Upon Calks, fuch as we fee here, bored 
through in their Baies^ open iqpward, and £^ 
led with the Rubl»ih of old Buildings, vnih 
fat and ialtilb Bartii, and wiÉk Ëwm where 

Animals 
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Anîûiak have left what does not pa(s into the 
Subftance of the Blood, they pour Water, which 
in filtring detaches by its Weight and lyiotion, 
diflbkes and carries along with it intoa Veiîcî 
the fmall Particles of Salt difFufed in the Earth. 
Afterward they boil this Water thus charged 
with Salts. The Water is evaporated by the 
Heat. After the Evaporation, the Salts wHich 
rhey fufFer to cool ^ again, are united together 
in Form of Ice. This Ice, which is formed in 
Sununer as well as Winter, is Salt-petre. 

The Salt-petr6 is thrown into the Mortars of 
PowderrMilis, with Sulphur. Upon this Mafe 
of Sulphur and Salt-petre they fpread pounded 
Coal, proper for receiving and containing in 
its open and numerous Pores, made by the Vi- . 
olence of Fire, the Salt-petre and Sulphur uni- 
ted together. They mix five or fix Parts, 
fometimes lefs , of well refined Salt-petre, one 
Part of Sulphur, and one Part of pulverized 
Charcoal. They befprinkle the Mixture with 
Water, to hinder the Mafs, compofed of Mat- 
ter, which is eafily inflamed, from heating too 
much by the repeated Blows of the Peftils, 
which break and bruifc it in the Mortars; and 
leaft happening to fet itfelf at Liberty by a fud-^/ 
den and too ordinary Inflammation, it fliould 
make the Peftils, Mortars, the Direftor of the 
Mill , and the Mill itfelf to fly into the Air. 
At laft, the Matter of the Powder, being fuffi- 
cicntly broken, bruifed and mixed, is fifted 
in fucn Sort, that paflEing through an Infinity 
Vol, L C c of 
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of fmall Holes it falls in fmalt Or^inSir to which 
tli^ey have given the Name of Powder,^ by Rea- 
fon of their Smallr^cfs and Figure. In one 
Word^ a Mixture of Sulphur, Salt-petre, and 
Charcoal pounded, and bruifed in a Mortar,, 
^nd then paf[ed through a Sieve of Hair,, and 
formed into GrainSj^ or divided into fmall ffJae- 
rical Parts, or almoft fpherieal,, is the Compo- 
fition of Gunpowder ^ of this Powder which, 
produces fo prodigious Efïeâs. 

Eud. Let u& eîiamihe thofe EiFefts by the 
Help of Philofophiyi and let us endeavour to 
difcover their true Caufe. Things in them- 
fèlves the snoâ: admirable ceafe to a£fe6t us» ki 
Proportion as they become mtoce common- 
One has too often feen the Effeiîts of Pbwder 
in the Firelock» to find them fo marvellous, as 
they are in therçxfelvesw Powder "never fails to 
aftonifli in the Canon, was it only by Reafbn, 
of the dreadful Noîfç> which it c^ufes ia it> 
imitating the Ljlghtnings and ThundcF, fo as 
to niake it called the Canon of the Thunder 
cF War* And who can help admiring the 
Force of Powder^ when one fees v^ith Horror 
Towers^ Forts d^nd Ramparts,, rapidly £bot out 
above Voptices of Flame aijd Smoak ,. which 
at once iflbe out from a deep Mine? They 
fpeak with as much Surprize as Dre^d of the 
irifetnal Machines, especially thpfe of Sf. 
Ma/o,. They . exclaim ag.ainil: the artificial 
Fires. . Powder in the Rockets atcrafts the: 
Eyes of alL Pqçs i;hp Rocket afcend ditcâly 
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and very I^îgh ? Does k (hrtbt out from its Bo^ 
f(Mnfl>ining Stars? It is certainly a fine one, the 
fineft that one haà feen ; it effaces the Stars of 
Heaven, artd the Air refounds with AppkufeL 
There néedâ rio more but Eyes, Ears and Sen- 
ses, in Order to be afFefted with fuch like Ef- 
fefts;. but. more is neceffary to difcover thtf 
Caufe of them, and to unfold their fecrtfc 
Springs* The Cannoneer, Miner, and Engi- 
neer, fo familiar with the Powder, do noc 
themfelves fee thofe Springs^ Perhaps with 
Eyes a little more philosophical, we (hall dif- 
cover them. Let us enquire in the ficft Place. 
after the general Caufe of the EfFe6ts of <3ua- 
powder* After that, wc fliall make ^rpUca* 
tiofi of the general Caufe to the Explication of 
fome particular Fads, 

The Spring of Air contained in every Grain 
of Powder, arid irt the Vacuities which the 
Graihs leave between them; the Spring of this 
Air, I fey, being extraordinarily bended at firft, 
and then dilated by the Inflammation of the 
Powder, is, I think, the general Caufe ; at leaft 
the principal Caufe of thofe aflonifhing Ef- 
feâs. 

My Sentiment is probable at leaft, if there 
is plenty of Air in the Grains and Inter ftices of 
the Grains of Powder ^ if the elaftic Force of 
this Air is very great, and ought to be aug- 
mented in the firft Inftant of Infiammationv 
and if finally the Springs of the Particles of Air 
ought to play almoft at the fame Time: In 

Cc 2 this 
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this Suppofîtîon, all the fmâll Lamina of Àîr 
are like {o many bended fmall Bows^ which 
happening all to be unbended almoft at one 
Time, ought to produce confiderable EiFeéls. 

Now, I . There is Plenty of Air in the Grain, 
and in die Interfaces of the Grains of Powder. 
Whilft in the Mortars of Powder Mills, the 
Peftil, as you have faid, breaks and divides, af^ 
ter a Thoufand different Manners, the Sul- 
phur, Salt-petre, and Charcoal, an infinite 
Number of fmall Particles of Air flow and in- 
finuate themfelves into the Interftices of this 
Mixture. Thefe Particles of Air are contain- 
ed in the Grains -, and the Grains, with which 
the Charge of a Fufce, Canon, or Mine, &c. 
is compofed, being almofl fpherical, make An- - 
gles with one another, which are full of f 
Ain 

2. The elaftic Force of this Air is very 
great ; one may judge of it by the Force which 
comprefTcs it, whether it be in Mortars, , or 
when one charges a Fufee or Cannon. Thus 
after having kindled four Grains of Powder in 
a Glafs Tube with a burning Mirror, one has 
obferved that the Air of the Powder cooled a- 
gain, pofTefTed two hundred Times more Space 
than the four Grains p. 

3. The elaflic Force of the internal Air 
ought to ihcreafe in the firfl Inflant of Inflam- 
mation. Heat, which rarefies free Ajri at 


P Mil. de I'Acad. an. 1696. p* 407. 
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firft cotttrads the Air already condenied % as 
Experience fhews us; becaufe the agitated Cor- 
pufcles, which penetrate /at firft into the Ltf- 
mina or Spires of the free Air, finding no Ac- 
' cefs into condenied Air, exert their Force up- 
on the external Surface, and upon a greater 
Quantity of Air at a Time, becaufe in that 
Cafe there is more in a determinate Space. 

4. Finally, the Springs of the Particles of 
Air ought to play almoft all at the fame Time; 
for the Force of the Elafticity quickly pre- 
vails, and (hoots out the Flame rapidly on all 
Sides. Therefore, &€. 

What happens, when one puts Fire to the 
Powder ? The Sulphur of the Powder, already 
filled with fubtile Matter ftrongly agitated, 
takes Fire immediately: The Aâion of the 
Fire, by its fudden Motion, bends again the 
Springs .of the Air already bent. Thofe Springs 
being put into ^ greater Tenfion, and excef- 
fively bent, are unbent both by the Excels of 
their Force, and by the Help of the Fire, 
which {hakes, moves and extricates the fur- 
rounding Particles of Coal, Sulphur, and Salt- 
petre. The Springs being bent, throw out on 
ail Sides inflamed Salt-petf e. Hence, the Grains 
of Powder taking Fire fucceffively, but with 
inconceivable Swiftnefs, are all inflamed almdft 
at the fame Time. Thus the Springs of an 
Infinity of Lamina of Air imprifoned in the 

9 Jbid. An. 1703. p. 2, 3. 
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Qrains iind Angles, [4ay almoft all iri ^n In- 
ftant, and ihoot out on all Sides a Multitude 
çf ha.rdi round and iblid Particles of Salt-pe- 
trc, which unite their Forces, rudely ftrike a- 
gainft whatever oppofes the Direftiçn of their 
Motion^ and make Fi^fees, Balls, Bullets, Ba- 
ftions,; RaoïpaçtSj^ Inhabitants of Towns, and 
alnfK)ft in tire Townç,, fly into the Air» 

Xhifix I think, is the general Caufe, at kaft 
the principal of the wonderful EfFe<3:5 of Gun- 
powder, Let us enter into a Detail, ^^d ap- 
ply this generaFCaufc to the explaining of feme 
particular EiFeéls. I fhall fay nothing why 
the Powder kindlea fo readily. One prefently 
conceives that ihç Sulphur, of which it is 
compounded, cpntijiiping very much fubtilc 
Matter, always flroqgly agitated, requires no 
njorcr than a light Augnaentation of Motion in 
Qrder to be inflamed , and to convey Inflam- 
mation into the Charcoal and Salt-petre. Nei- 
ther fhall I aik of you why Powder is kindled 
upon, the Hand without hurtbg it, Tis evi- 
dent that kindled Powder ought, by Reafon of 
its Springs unbent in thue Inflammation, to pof- 
£q($ a much larger Space than it did before, and 
confequently becoming more light than the Air 
which furrounds -it, the Air ought to elevate 
it by the Excefs of its Weight, and to hinder 
its Aâ:ion upon the Hand: But let us explain 
fome Prqblçm? which, concera the Firelock, 
Cannon, Rockets, Mines, and infernal Ma- 
chines. 

' ' ^ * Whence 
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Whence proceeds the going off of the Ball, 
and the recôyling of the Fufee, at the? .Time of 
Explofion?. 

Arift. At the Tirfie of Explofion , the Spring 
of tht Powder, and efpeciàlly of the Air con- 
tained in the Powder, adts equally on all Sides, 
before and behind j ctjually ûpc«i the Ball and 
upon the Breech 5 after the fame Manner as 
the Spring of Àir contained in a Foot-Ball dri- 
ven by two oppofite Forces, ads equally to- 
ward the two oppofite Parts, whence the con- 
trary Forces come, after the fame Manner^ in 
a Word, as a bent Lamina tends to unbendit- 
felf from the two oppofite Sides, with the fatnc 
Violence. The Ball, not being able to refi^ 
the Force of the Spring, yields according. to 
the Direftiofi Which k receives from itj and 
this is the Departure of the Ball, The Breech, 
being no more able to refifl; the Force of the 
Spring., yields according to the contrary Di- 
reâion which it receives from it. And this is 
the recoiling of the Firelock, which fometimes 
throws down the weak Shooter, fooner than the 
Prey. 

But why does a long Firelock carry farther 
than a fhorter one equally charged; provided 
the Excefs of Length is not too great ? 

Éud. In the longer Firelock more Powder is 
kindled, lince the Powder, which is fuccef- 
fively kindled, remains in it longer Time ex- 
pofed to the Inflammation. The Inflammati- 
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on of a greater Quantity of Powder , being 
longer Time wholly contained in the Cham- 
ber of the Firelock, ftrikes more Blows, and 
ruder Blows. The Ball being ftruck more 
rudely, receives the more Force; and with 
more Force, it ought to go farther. It reach- 
es to kill a wild Duck, notwithftanding the 
Precaution which he had taken to place him- 
felf in the Middle of a Pond, where he might 
fafely have defied the Force of a fhorter Fire- 
lock. If the JExcefs of Length is too great, it 
dimini(hes the EfFeâ: of the Ball ; becaufe the 
Ball is thruft back inwardly into the Firelock 
by the Violence of the Air which enters again, 
of ftrives to enter after the Inflammation. 
Hence, Voffius aflTerts that the Length of a 
Cannon ought not to be, more than thirteen 
Foot '• 

If one fhoot very clofe, fo that the Mouth 
of the Firelock touch him, who receives the 
Blov^, the Wound is lighter, at leaft fo far as 
we arc informed. 

^riji. In this Situation, the internal Air can- 
not come out freely from the Firelock; be- 
caufe between the Mouth of the Firelock and 
the Body which it touches, there is not a Paf- 
fage large enough ; and confequently it oppofes 
itfelf the more ftubbornly to the Diredion of 
the Ball, and diminiflies its Effort ; the Eifort 

t * De Nili origine; Journ. des Sjav. 1666. p. 387. 
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«being deadened, wounds more lightly. I be- 
lieve this Reaibn is good enough. Neverthe- 
lefs I frankly own that I would not make the 
Experiment upon any Body, nor willingly al- 
low any Body to make it upon me. 

Put a little Powder into the Chamber of the 
Firelock, under the Ball ; but over the Ball, 
put a great deal* Ram down the Firelock, as 
ufual; the Shot will make a great Noife, and 
little EfFeéL 

Éud. The Noife will be great, becaufe all 
the Powder will take Fire, the Fire being able 
to pafs from that below to that above, and 
becaufe all the Powder being inflamed, will 
cauiie in the Air this impetuous Tremulation^ 
which makes the great Noife. The EfFeâ of 
the Ball will however be very incpnfiderablc ; 
becaufe the Ball will only be pufhed forward by 
the fmall Quanidty of Powder, w^ich is be- 
low- The greater Part, which is above, will 
ferve rather to deaden the Force of the Ball, 
than to augment it. 

So that, if you are difpofed to place your 
felf boldly before the Mouth of a Firelock, 
at fome Diflance, you will fafely receive the 
Ball into your Hand or Breaft. You will have 
the Glory of knowing how to charm Fire-arms, 
and you will be infallibly invulnerable, with- 
out Compad, or Sorcery. A Philofopher ex- 
plains fuch Experiments; but is too wife to 
make 'em. 

It 
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It would be ufekft to demand whence the 
recoyling of the Cannon and the Departure cf 
the Bullet proceed at the fame Time. 
' Arifi. Tis evident that the Caufc, which 
makes the Firelock recoil and die Ball to go 
cfl^ makes alfo the Cannon recoil, and the 
Bullet to go off. But why does the Bullet 
adrance fa far, while the Gannon recoils fo 
litrie, or recoils only fome Paces ? 

Rud. Becaufe there is as much Force re-^ 
quired xo make the Cannon with its Carriage 
recoil fome Steps, as to convey the Bullet â 
long Way; fince,' v^thout mentioning thé 
Refiftance which proceeds from the Fridion 
that it makes in recoiling, the Cannon with 
ks Carriage recoiling very little, and the Bul- 
let carried a good Way off, are almoft in the * 
teciprocal Ratio of Mafs and Velocity ; in Pro^ 
portion as the Bullet has tnore Velocity, die 
Cannon has more Mafs. If the Bullet has an 
tendred Degrees of Velocity, ^ile the Can- 
non has only one % the Cannon has an hundred 
Degrees of Mafs , or thereabouts , while the 
Biittet has only one; and to carry an hun- 
dred Degrees of Mafs one Pace , as much 
Force is nècefîary, as to carry one Degree of 
ftfafs an hundred Paces ; fo tnat the Cannon, 
h* recoiling with as much Modôn as the Bul- 
let has, ought fcarcely to advance one Pace, 
White die Bullet advances an hundred. 

H But 
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But while die Powder is inflamed in the 
Cannon, if the Touch-hole happen to be 
flopped, the Cannon burfts. Why? 

Arifl. I. The Powder being inflamed in the 
. Bottom of the Barrel, and in that Cafe not be- 
ing able ' to come out in any Sort, nor to re- 
lieve itfelf, if I may fo fpeak, by the Touch- 
bole, unites its Efforts againft the Sides q& the 
Cannon. 

2. The external Air, which cannot enter by 
the ftopt Touch-hde, cannot aâ upon the In- 
flammation in Order to haften its ifluing out*; 
it oppofes it alfo by the Mouth of the Cannon, 
fo much the more, becaufe it cannot circulata 
Wherefore the kindled Powder makes ; the 
greater and more durable EâForts, from the 
Axis of the Barrel, toward the Circumference 
of the Cannon* This Excels makes it burift^ 
becaufe it is m(^e eaûe for the Powder to make 
a Paiiâge for itfelf at once through the Sides 
c^ the Cannon, than to wait for iëtting it&tf 
at Liberty by thrufting the Ball, notwithftand- 
iflg the Refiftancc of the Air, all the Way 
from the Breech to the Mouth of the Cannon. 
When Bodies have any Difficulties to fur- 
mount, they always begin with overcoming 
the leaft They have their Manner of act- 
ing, their Laws, and their Cufloms, which 
th^y obierve inviolably from the Beginning (^ 
the World, being much more exaâ and con- 
fiant in this Point, than the mioft Part of inedli»* 

gent 
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gent Beings» which only have more Knowledge 
ip Order to difcover more Extravagaqce. 

Eu J. As for the dreadful Noiie of the Can- 
non , it is eafily comprehended. A great 
Quantity of kindled Powder is prodigioufly ra- 
refied in the Inflammation by the Ai^ion of an 
Infinity of Springs, which are unbent almold 
all at a Tinœ. This ftrauge Rarefaftion 
ilrikes, compreflfes, and drives away a great 
Mais of Air -, the different Parts of this con- 
f raded Maf§, happening to be reftored with an 
Acceleration of Motion» are comprefifed again 
in the Point of Reunion ; the Dilatation is re- 
peated. Hence, this Tremulation of the Air 
which caqfcs the terrible Noife and Crack, 
w^ich the Echos of the Mountains and 
Rocks flrive to augment^ a$ it were, through 
Emulation. 

The Rocket, (aj Fig. 37. has nothing terri- 
ble in it, nor furprizes in the Icaft, efpecially 
when one knows what makes it afcend, while 
the Flame (èj ifTues out below. 

f/îrt^. The Spring of the Powder, or of the 
Sulphur, Salt-petre, Coal, and Air contained 
in them, makes the. Rocket afcend, as it makes 
the Firelock or Cannon recoil. In the In-^ 
flammation this Spring makçs an univerfal Ef-f 
fort, and a£ts both "toward thp Center of the 
Earth, arui toward the Sky. ; The EfFeâ of 
the Aâion toward the Center of the Earth, is 
to make the Powder or infiamed Matter iflue 
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out, which finds a Paflage through the inferi- 
or open End. The Effeft of the Aélionof 
the Spring towards the Sky, is to make the 
fuperior Powder or the inflammable Matter to 
afcend , and alfo the Tube which .contains i^ 
without affording it any FalTage. After the 
fame Manner as the Aftion of the Powder to- 
ward the Breech makes the Fjrelock or Can- 
non recoil, becaufe it finds no Pafîàge in the 
Breech; after the fame Manner the Adion^of 
the Powder or inflamed Matter toward the 
Sky, not finding any Vent in the upper End 
of the Rocket, makes it recoil and afcend, 
and obliges us to carry our Eyes after it to- 
ward Heaven. 

But for what Ule fcrves the Rod (cj^ which 
they faflen to the Rocket ? 

Eud. That is to preferve its perpendicular 
Diredion. Without the Rod the Center of 
Gravity would fbon be above the Center of 
Figure (d) j fince the Powder or inflamed Mat- 
ter ifTues out every Moment through the in- 
ferior PafTage. In that Cafe the Part which' 
contained the Center of Gravity would out-! 
weigh the other ; and by Rcafbn of the fmall 
Inclination of the Rocket, it would make a 
Semicircle in the Air, overturn itfelf, and de- 
fcend again^ fince the clofed End would be to- 
wards the Earth; the Rocket would move 
from on high downward, inflead of moving 
from below upward. But when the Rod is 

faflened 
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faftened to the Rocket, the Center (e) of Gra- 
vity of the whole Compound of Rocket and 
Rod is below the Center of Figure. This 
Center continually defcends, fo far is it from 
àfcendîng, in Proportion as the Rocket is ele- 
vated. Wherefore the inflammable Matter is 
always above it ; and thus the Rocket preferve$ 
its perpendicular Direction. 

Art/i. But lyhen the Rocfeet feems to be ele- 
vated as far as the Clouds, why do we at once 
fee fparkling Stars arife? 

End. Thofe Stars fo brillant were nothing 
lefs than brillant Stars a Moment before they 
tvere feen. They were fmall folid Efalls com- 
pofed of Charcoal, Sulphur, and Salt-petrc, 
but whereki Sak-petre was predominant. 
Thefe fmall Balls were contained above the 
reft in the Rocket. Being placed above the 
reft of the Rocket, they took Fire laft of alt 
The Fire threw them out, and fcattered them 
on all Sides* The fmall Particles of Sak-petre, 
fblid, round, and infinitely fit for Motion, be- 
ing rapidly fliot out fi-om all Sides by the Vi- 
olence ot the kintUcd Sulphur and unbene 
Springs, communicate the Motion and Vibrar 
tiom which they have reœived to the Mattel 
of the Light, This Matter being more ftib- 
tile and fine than the Air, but dîl^fed in the 
Air from the finall inflamed Ball to our Eyes» 
communicates to our Eyes the Vibrations 
^hicb it has receiv^edj and thofe Vibratioost 

caufe 
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çaufe itt the Soul the Splendor of little Stars, 
which we think to find in the Air, and at the 
Sight of which People, being furprized , and 
judging rather by the Report of the Eyes 
than by that of Reafon, cry out more in an 
loiîant, than ever they did ujpon feeing the 
Heaven adorned with Starsi formed by the 
Hands of the Creator, 

From the agreeable Effedls of the Rocket 
we muft at laft pafe to the terrible EfFcds of 
Iodines, 

Ariji. Aq aknofl infinite Number of Springs 
being contained in a great Quantity of Pow- 
dejir , happening to be unbent almoft all at a^ 
Time in the ..Inflammation;^ and not finding; 
Room enough to extend themfelve^ in tbi^^ 
Stoves, Fougades or fubterraneous Chaxixbessi, 
agitate the VaAjlts with a. ftraj^^e Vioknçf^ 
inake them, detach them, and make the 
Half-Moons, , Towers and Ramparts fly far pflf 
in, .the Air; and thoie who^ defended theipi ai]e 
aftonifhed to ônd themfelves fuddenly whirk4^ , 
into the Air. -, 

E^d. But why has noc a Mine its EiSTeâ, 
that is counternoined ? 

^ AriJL Bodiçs in moving follow the Direûir- . 
on in which they meet wiih leafl: Oppq|[ki-^, 
on. The Powder kindled in the Mine thaCti^ j 
CQ^ternHneci, finds a free Pauage^ and is^ ia ; 
Fart exhaled through that. The more of k.^, 
is^exhaled through that^. tbuç iewer JEfFccts k ^ 

makes 
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makes agaînft the Vault and fôlîd Parts of 
the Mine. Hence the real Efforts are inef^ 
fedualy and the Miner being confounded grows 
pale, and rages to fee the Enemy at Eafe over 
his Mine in Fire. 

I think Mines in Fire ought to have very 
much Relation to infernal Machines, and to 
produce almoft the fame EfFeâs by the fame 
Principles. 

Eua. The infernal Machines are Machines 
of War, in which. Powder by ao extraordina- 
ry Inflammation produces horrible EfFeâ:s, 
proper for reprefénting tb us by the Horror, 
which it diffufesi the frightful Image of the 
Fires of Hell. ^ In Order to our, having fome 
Idea of them, it is fufîîcient to bring to Mind 
the infernal Machine which was defigned for 
burning StJMalo^ but which was only fatal to 
the Engineer. - - 

This Machine was made in Form of a Vef^ 
fel. It had thirty four Foot in Length, and 
eighteen in Height, an Hold and three' 
Bridges. . There was Sand in the Hold. The 
firfl Bridge was fifled with twenty Thoufand 
Weight of Powder^ with a Foot of Brick- 
work above it. The fécond Bridge was ad- 
orned with fix Hundred Firebombs and Car- 
cafies, and two Foot of Brick- work above 
them. The third Bridge over the Gaillard 
was loaded with fifty Barrels with Iron Hoops, 
full of all Sorts of Fire-Works. The Deck 

was 
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^9pa« tontrivcd for conduÔîng Fîife to the Primes 
. and Powders. Such almoft was the infernal 
Machine % which might have caufed a gene- 
ral Conflagraticnl , and with which England 
brdte fome Glaft-Windows of St. Malo. 

For what =^tJfè ferves the Sand in the 
HoW? 

^ ^rijl; The .Machine is thereby the more 
Weighty; beirig more weighty, it draws more 
Water; drawing more Water, it changes the 
Direâion with greater Difficulty: In Order to 
change it, a greater Mafs , a greater Bulk of 
Water muft be removed Now with the 
greater Difficulty the Machine changes Direâi- 
oifi, the more certainly the Fire-Works which 

iffue out of it' reach the Scope. • 

But for what Ufe ferves the Brick-work over 
the Powder ? 

EuJ. You conceive that fufficiently, ^n- 
Jius. The Bdck-work retards the Aâion of 
the Powder upon' the Carcaflbs, Bombs, and 
Engines. In this Delay, more Powder is kin- 
dled; confequently more Motion is communi- 
cated at once } and a greater Force produces 
a greater EiFeâ:. Let us imagine that the Bar- 
rels of Powder take Fire, and that the Springs 
of the Grains of Powder are fet a going all at 
a Time. We fliall fee the Carcaffes, red Bul- 
lets, and Bombs fill the Air With , Fire , fall. 


« Mem. d'Artillerie de M. de St. Rémi, T, I. p. 371. Se- 
conde Edition. 
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break and burn all that comes in' their Way. 
Or rather beii^ concent with knovfli^ the , 
Original and Çompoûtion of Gunpowderj and 
the phyfical Caufe kâ its divers Ei^âs, lee us 
fpare our Imagination (o tçnible a Spcâftcle^ 
which Ragealono (teùis to bare inrented. 

An Effcd of Fire more lalutaty, peaeeabfe^ 
and agreeable,- is to drive away O^, and to 
{icoduce Hcac V^iU you have us make Usai 
and Cold the Sul^eâ of our next Couver'' 
fàtionf 


the End of the Ftrfi Volume, 


